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Preface 



REALIZING the great need for a more scientific knowl- 
edge of electricity on the part of thousands of practical 
men of limited technical education, an attempt has been 
made in the following pages to give a presentation of the subject 
which shall be easily understood by such men, and at the same time, 
cover all the essential principles and methods. The principles 
usually deduced by higher mathematics are here made clear by 
careful explanation and a large number of diagrams drawn 
especially for the text. Numerous engravings exemplify modern 
practice, and fonn a pictorial index to the latest and best methods 
of applying electricity to lighting, railways, power transmission, 
machine tools, etc. 

€LThe Cyclopedia of Applied Electricity is based upon the method 
which the American School of Correspondence has develo|)ed and 
successfully used for many years in teaching practical electricians 
the scientific principles underlying their work. It is compiled 
from the most valuable of the School's Instruction Paj)ers and 
forms a simple, practical, concise, and convenient reference work 
for the shop, the library, the school, and the home. 

CThe success which the American School of Correspondence has 
attained in teaching thousands of electricians is in itself the best 
possible guarantee for the present work. Therefore, while these 
volumes are a marked innovation in technical literature, represent- 
ing as they do the best methods of a large number of different 
authors, each an acknowledged authority in his work, — they are 
by no means an experiment, but are in fact the essence of the most 
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successful method yet devised for the education of the busy 
working man. 

€LA.mong the sections of most practical value are those on Alter- 
nating Current Machinery, Storage Batteries, Electric Wiring, 
Lighting, etc. In these pages the authors have succeeded in 
presenting the subjects in such manner as to overcome the hitherto 
insurmountable obstacle — higher mathematics. The rules and 
formulae are presented in a very simple manner, and special effort 
has been made to illustrate every principle by diagrams and prac- 
tical examples. 

C.Xumerous examples for practice are inserted at intervals; these 
with the test questions, help the reader to fix in mind the essential 
points, thus combining the advantages of a textbook with a refer- 
ence work. 

CCirateful acknowledgment is due to the corps of writers and 
collaborators who have prepared the niany sections of this work. 
The hearty co-operation of these men — engineers of wide prac- 
tical experience, and teachers of acknowledged ability — has alone 
made these volumes possible. 

CThe Cycloj)edia is published in the belief that it will meet a 
real need among designers, constructors and operators of elec- 
trical machinery. That it may save many weary hours of search 
among the scattered textbooks and reference works of the day, — 
books which bt^ng intended largely for college -trained men are 
necessarily far from meeting the needs of the average practical 
man,- -is the ho|)e of the compilers and publishers. 
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ELEMENTS OF ELECTRICITY* 



Electricity is an invisible agent which manifests itself in 
various ways. The* precise nature of electricity is not known, 
but the effects produced by it, the methods of controlling it, and 
the laws governing its action are becoming well known. 

Electricity may be considered under three heads : first 
mai^netisfiiy — second, static electricity (where it appears as a 
charge upon bodies), — and third, — dynamic electricity (where 
it appears as a current). The sciences which treat of the two 
latter branches are called electro statics and electrodynamics re- 
spectively. These divisions of the subject, although covering 
manifestations widely different, are closely related. 

JVIAQNETIS>VI. 

Natural Man^nets. Substances which have the property of 
attracting pieces of iron are called magnets. A material possess- 
ing this property was first found by the Ancients at Magnesia, in 
Asia Minor, from which fact arose the name magnet. The nat- 
ural magnet is an oxide of iron and is also called the lodestone. 
lu is widely distributed in different parts of the world, but is not 
always found possessing magnetic properties. 

Artificial Mas^nets. . When a bar of hard steel Ls rubbed with 
a lodestone, the steel will acquire the same magnetic property 
and to a much greater extent. Such artificial magnets are there- 
fore always used in place of lodestones. 

Poles. When one end of a magnet is placed in iron filings 
and afterwards withdrawn, the filings are attracted and cling to it 
in great numbers. This is illustrated in Fig. 1. The filings 
would be attracted to the opposite end and would cling to it in the 
same way if it were placed in the filings.- The middle of the bar, 
however, does not have this property, and toward the ends the 
power i-apidly increases. The ends of the magnet, where the 
attmction is the greatest, are called poles. 

A common example of a magnet is the compiiss needle. It 
is well known tliat such a needle always places itself so as to point 
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ELEMENTS OF ELECTRICITY. 



north and south, and that the same ixAe always points toward the 
north. This is called the north seeking pole^ while the other ia 
called the Bouth seeking pole^ or simply the north and south pole 
respectively. 

In the experiment with iron filings either of the magnetic poles 




Fig. 1. 

attracts them and there is apparently no difference between the 
two poles. That there is a difference, however, may be shown by 
experimenting with two comptiss needles. If the north poles of 
two such needles be brought near each other, they will be repelled. 
In the same way the south poles will repel each other. But when 
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Fig^ 2. 

the north pole of one needle is brought near the south pole of the 
other, attraction takes place. Tliis shows that like poles repel 
each other, while unlike poles attract each other. 

The fact that a compass needle always points north and 
south, or approximately so, is because the earth itself is a great 
ftiagnet. The magnetic poles of the earth coincide very nearly 
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ELEMENTS OP^ ELECTRICITY. 



with the geographical north and south poles. The geographical 
north pole of the earth is unlike the north pole of a magnetic 
needle, and hence attracts it. 

The two poles always exist in a magnet. If, as illustrated 
in Fig. 2, a single magnet be broken into several parts, the sepa- 
rate parts will then become individual magnets. Each portion 
will have the same properties which the magnet as a whole pos- 
.sessed. When .the separate parts are placed together again the 
many poles of the small portions will neutralize each other and 
the complete magnet will act as before 





Pig. 3. Fig. 4. 

Magnetic Field. The space surrounding a magnet, called 
the field, is subject to the influence of the magnet and is cjiUed its 
magnetic field. The presence of such a field may l)e shown by a 
simple experiment. 

Suppose a sheet of paper be placed upon a bar magnet 
and iron filings spread evenly upon the paper; by tapping 
the paper lightly, the filings will form into a series of curved 
lines extending from one pole to the other. The form of these 
curves for a bar magnet is illustrated in Fig. 3. The formation 
of these definite curves indicates that the magnetic fi^ld exerts its 
influence in certain definite directions which are called the lines 
of magnetic force^ or simply lines of force. The field of a horse- 
shoe magnet is rej)resented in Fig. 4, and that about the end of a 
bar magnet is represented in Fig. 5. 
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Mas^netic Induction. It is because of this magnetic field that 
magnets have the power of attracting pieces of iron. When a 
piece of iron is brought under its influence, it becomes a tempo- 
rary magnet, and for the time being has its two poles. If the 
north pole of the permanent magnet is adjacent to the piece of 
iron, a south pole will be induced in the iron next to this north 
pole and a nortli pole in the portion farthest from it. The attr.ic- 
tion is then exactly similar to the attraction betwt^en two perma-- 
nent magnets when unlike poles are brought together. This 
action of developing magnetism in iron is called magyietic 
indiiction. 

The attraction of iron is therefore due to the fact that the 











Fig. 6 



Fig. 6. 



magnet first magnetizes it and then attracts it. When the iron is 
withdrawn from the magnetic influence it loses its magnetism. 
The experiment illustrated in Fig. 6 proves this to be true. 
When the upper ring of soft iron is placed in contact with the 
bar magnet it becomes a magnet, having, say, a north pole 
at the top and a south pole at the bottom. When another 
ring is added, the first will in turn induce a north pole at 
the top and a south pole at the bottom of the second ring. 
When other rings are added, a similar action takes place and aU 
the rings are supported. If, however, the first I'ing be removed, 
the others will immediately drop and will lose their magnetism. 

Magnetic induction explains the formation of tufts of iron 
filings which become attached to the poles of magnets; The fil- 
ings are temporarily converted into magnets ; these act inductively 
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on the adjacent parts, these again on following ones, and so on, 
causing them all to be attracted. They have a bush-like appear- 
ance, which is due to the repulsive action that the outside free 
poles exert upon each other. 

The attraction is greatest when the iron is in contact with 
the magnet, but actual contact is unnecessary to cause attraction. 
A sheet of glass, paper or wood, etc., may be placed between the 
magnet and the iron, and attraction will still be present. 

riafcnetic Substances. Substances which are attracted by 
magnets when either pole is presented to them are called magnetic 
substances. Besides iron are included steel, nickel and cobalt in 
this class. A magnet is attracted or repelled by another magnet 
according to whether the poles near each other are unlike or like, 
but magnetic substances are always attracted. 

Retentivity. After a piece of soft iron is once magnetized it 
will, when removed from the influence of the magnet, lose sub- 
stantially all of its magnetism. On the other hand, a piece of 
steel or nickel will not be magnetized as much as soft iron, but 
will afterwards retain much of its magnetism. It resists being 
magnetized, and afterwards resists being demagnetized. This 
power of resisting magnetization or demagnetization is called 
retentivity. Steel has much greater retentivity than wrought 
iron, and the harder the steel the greater is the retentivity. 

riethods of riainietization. Permanent magnets are usually 
made from steel, and the following are the common methods of 
magnetization : 

Magnetization by single touch consists in moving the pole of 
a powerful magnet from one end to the other of the bar to be 
magnetized, and repeating this operation several times, always in 
the Siune direction. The end of the bar touched last by the mag- 
net becomes of opposite polarity to the end of the magnet by 
which it has been touched. This method produces only a weak 
magnet, and is therefore used for small magnets only. 

Magnetization by divided touch consists in placing the two 
unlike poles of two magnets at the middle of the bar to be mag 
netized, and in moving them simultaneously towards the opposite 
ends of the bar. Each magnet^ then placed in its original posi- 
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tion and the operation repeated. The bar becomes magnetized 
after repeating this several times on both faces of the bar. 

In magnetization by douhle touch the two magnets are placed 
as before, with opposite poles near each other, at the middle of the 
bar to be magnetized. Instead of moving them in opposite direc- 
tions toward the ends, they are kept at a fixed distance apart by 
means of a piece of wood between them, and are simultaneously 
moved first towards one end and then back towards the other, 
repeating several times and stopping at the middle. 

Magnets lose much of their magnetism when subjected to 
knocks or jars. 

STATIC ELECTRICITY. 

Friction as a Source. There are several sonices of elec- 
tricity, such as friction, chemical action, heat and induction. 
Friction as a source of electricity will now be considered. This 
relates to electricity existing as charges upon bodies, and is known 
as Btatic electricity. 

When a glass rod or stick of sealing-wax is rubbed with a 
piece of flannel or silk, each acquires the property of attracting 
light bodies such ftS pieces of wool, paper, gold leaf, etc. After 
coming into contact with such substances, however, jthey will be 
repelled. This may be well observed by employing a pith ball 
suspended by a fine thread, as shown in Fig. 7. When the rod 
of glass or wax is brought near the ball it is strongly attracted. 
After contact is made, the ball will be strongly repelled. 

This repulsion is explained by the fact that when contact 
is made between the ball and rod, the ball receives part of the 
electricity from the rod. Both are then charged witli the same 
kind of electricity, and the ^ repellant action shows that two 
bodies thus charged, repel each other. 

Positive and Negative Electricity. Repulsion does not 
alwa3rs take place between bodies charged with electricity. 
Either a stick of sealing-wax or a glass rod after being rubbed 
with silk vrill attract the pith ball until contact has been made, 
and then will repel it. The electricity developed in each of these 
cases, however, is not the same. After the pith ball has been 
touched with an electrified glass rod, it will be attracted by the 
electrified stick of sealing-wax; or if touched by the latter, it 
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will be repelled by it, but will be attracted by the glass rocL 
Such phenomena are explained by assuming that there are two 
kinds of electricity, which have been designated as positive (-{-) 
and negative ( — ) electricity. 

When the glass rod is rubbed with silk it is said to possess a 
positive charge, and when the wax is rubbed it is said to possess 
a negative charge. The pith ball- having been touched by the 
glass rod is charged positively, and is therefore attracted by 
the negatively charged sealing-wax, or upon receiving a negative 
charge from the wax, it will be attracted by the glass. 

This action is expressed in the following law : 

Electric charges of the mme sign repel each other; those of 
opposite sign attract each other. 

Production of Both Positive and Negative Electricity, 
When two substances are rubl)ed together neither positive nor 
negative electricity is produced 
alone, but both are produced at 
the same time and in equal quan- 
tities. After the friction, a posi- 
tive charge is found to exist upon 
one surface and a negative charge 
upon the other and in equal 
quantities. In the case of glass 
being rubbed by silk, the glass 
acquires a positive charge and 
the silk a negative charge. That 
the charges are equal is proved 
by the fact that if both of these 
charged bodies are presented to 

the pith ball at once, the latter will be neither attracted nor 
repelled. Also if the charges of both the glass and silk are 
impaited to a third body, the third body will have no resultant 
charge, since the two quantities of electricity being equal and of 
opposite sign, neutralize each other. 

Whether a body receives a positive or negative charge 
depends upon the material of the body with which it makes con- 
tact. Thus glass when rubbed by silk is positively charged, but 
when rubbed by wool the glass is negatively charged. In toe 
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following list the arrangement is such that each substance, when 
rubbed by one following it, will be positively electrified, but when 
rubbed by one preceding it, will be negatively electrified: Fur, 
wool, ivory, glass, silk, wood, metals, sealing-wax, sulphur, india- 
rubber, celluloid. 

Conductors and Insulators. Conductors are substances 
which readily allow electricity to pass from one portion of them to 
another; that is, they readily conduct electricity. Insulators^ or 
non-conductoi*8, are those substances which do not allow such free 
passage of electricity, or which ofifer a certain resistayice to ita 
passage. If one end of a glass rod is rubbed with silk or wool, 
the end so rubbed will be electrified, but the other end will pos- 
sess little or no charge. The electricity is not freely conducted 
from one part to another. When a metallic substance is charged, 
however, the electricity will be distributed uniformly over its 
surface. All substances offer a certain amount of resistance to the 
passage of electricity and no body entirely prevents its passage ; that 
K-', there is no perfect conductor, and there is no perfect insulator. 

There is no definite line of distinction between conductors 
and insulators, and some substances are neither, but may be 
termed semi-conductors or partial conductors. The ability of a 
body to conduct electricity, that is, its conductivity^ also depends 
upon its physical condition. For example, the conductivity of 
most bodies depends ^rgely upon the temperature. The following 
list of substances is an*anged in the order of increasing resistance. 



Conductors. 


Partial Conductors. 


Insulators, 


Silver 


Cotton 


Oils 


Copper 


Dry wood 


Porcelain 


Other metals 


Marble 


Wool 


Charcoal 


Paper 


Silk 


Water 




Resin 


The body 




Gutttipercha 

Shellac 

Ebonite 

Paraffin 

Glass 

Air 
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From the preceding it is evident that silver is the best con- 
ductor and air is the best insulator. Copper, on account of being 
an excellent conductor and comparatively clieap, is used almost 
entirely for conducting electricity from power stations or from 
one point to another. Marble is a comparatively poor conductor 
and is therefore largely used for switchboards. Porcelain and 
glass, being good insulators and having other desirable properties 
are much used for insulating conductors from their main sup 
ports. Water is a fairly good conductor, and considerable diffi- 
culty is consequently experienced in securing good insulation in 
damp places. 

Distribution of Chars^e. An electrical charge upon a con- 
ducting hody is distributed over its surface. That it does not 
reside within the body may 



K 




P!g. a 



be shown in several different 
ways. For example, it is 
immaterial whether the in- 
side of ur conductor is com- 
posed of wood or glass, or if 
the conductor is hollow ; the 
charge in any case is dis- 
tributed over its surface. 

The ball A and covens 
B and C, shown iji Fig. 8, 
may be used to prove this. Suppose the covers to be placed ovei 
the ball and the whole to be electrified. When the covers are 
removed, the entire charge will be found to remain with them, 
and none will exist upon the ball. 

Suppose the hollow sphere in Fig. 9 to be charged. If a 
conductor be inserted through the aperture and brought in cod 
tact with the inside of the sphere and afterwards carefully with- 
drawn, it will be found that it has received no charge. If touched 
to the outside, however, the conductor will receive part of the 
charge. The conductor used for this purpose may be a thin piece 
of metal attached to an insulating handle. A metallic cylinder, 
even of wire gauze, may be used in place of the sphere. To 
prevent the charge from passing to the earth, the cylinder or 
sphere must be insulated from the earth by a glass standard 
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We have seen that bodies charged with electricity of like 
sign repel each other. This may be taken as the explanation of 
the fact that a charge resides upon the surface. As it tends to 
repel itself, the charge resides a.s far from the centre of the body 
as possible. 

Static Influence. When a charged body is placed near 
bodies in a neutral state, it will act upon them in a manner siml 
lar to that of a magnet upon soft iron. This action is said to be 
due to influence or to electrostatic induction. 

Induction of this nature may be made evident by means of 
a metal cylmder suppoited on a glass standard, as shown in Fig. 
10. The cylinder is supplied at eacli end with a pith ball sus- 
pended by a thread. Suppose a sphere charged with positive 
electricity and mounted upon an insulating standard be brought 

near one end of the cylinder; 
the pith balls will at once fly 
outwardly, showing that the 
cylinder is then charged. If 
the sphere is removed, the pith 
balls will fall towards the ends 
of the cylinder again, showing 
that it is once more in the 
neutral state. Throughout this 
action the sphere has neither 
gained nor lost in the amount 
of its charge. Upon testing 
the temporary charge on the 
cylinder, it will be found that 
at the end near the sphere the 
electricity is nejjative while that 
at the distant end is positive. 
Bodies charged with electricity are surrounded by an electric 
field in the same way that magnets are surrounded by a magnetic 
field. With this in mind, the above experiment may be easily 
understood. When the charged sphere is brouofht near the cylin- 
der, the latter comes under the influence of the former's field. 
The luies of force from the sphere will pass to the cylinder, and 
therefore cause its electrification. Since unlike charges attract 
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each other and like charges repel each other, the sphere attracts 
a negative charge to the near end and repels a positive charge 
to the distant end of the cylinder. When the sphere is removed, 
the induced positive and negative charges neutralize each other. 
If the sphere possessed a negative charge, there would then be 
induced a positive charge at the near end and a negative charge 
at the distant end of the cylinder. The middle portion of the 
cylinder, however, remains neutral, and the strength of the 
charges increases gradually towards the ends. If the cylinder be 
separated into two parts while under the influence of the charged 
body, the induced charges cannot unite after the i-emoval of the 
sphere, and will then reUin their charges. 

In the experiment illustrated by Fig. 10, there is consider^ 




Fig. 10. 
able attraction exerted between the sphere and cylinder. The 
unlike and adjacent charges attract each other, but the like 
charges on the sphere and distant end of the cylinder repel each 
other. As the unlike charges are nearer each other than the like 
charges, the attraction overbalances the repulsion and there is a 
resultant attraction. This action is the same in effect as that of 
magnets upon soft iron. There is first the induction and then 
the consequent attraction. 

The greater the charge possessed by the sphere, the greater 
will be the induced charge upon the cylinder. Also, the nearer 
the two bodies are placed to each other, the greater becomes the 
charge upon the cylinder, but the induced charge can never 
exceed that on the sphere. 

When the distance between the sphere and cylinder is grad 
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ually decreased, the attraction between the unlike charges is in- 
creased. Tliis will continue until the attraction is so great that 
the unlike charges abruptly unite, and in so doing cause a spaik 
to appear in the small intervening space. The unlike charges are 
thus neutralized, but the repelled charge will still remain upon 
the cylinder. 

Free and Bound Charge. The two charges induced in the 
cylinder may be called free and bound charges. The unlike in- 
duced charge, which is represented as negative in Fig. 10, is 
]peferred to as the bound charge, because it is attracted by the 

charge upon the sphere and 
is thus confined. Therepelled 
charge, however, may escape 
by any path which is offered, 
and is therefore called the 
free charge. Hence if con- 
tact l)e made between the 
cylinder and the earth, the 
repelled charge will pass to 
the ground and the attracted 
charge will remain. If the 
contact with the earth is then 
broken and the sphere re- 
moved, a resultant charge 
will remain upon the cylinder, which will be opposite in kind to 
that of the sphere. This resultant induced charge will then 
distribute itself uniformly over the cylinder and may be used 
to induce other charges. 

When bodies are thus charged by induction, the charge is 
always opposite in kind to that inducing it. On the other hand, 
when bodies are charged by conduction or by making direct con- 
tact, the charge imparted is of the same kind. Poor conductora 
are not readily acted upon by induction, since they present great 
resistance to the passage of electricity. 

Electroscope. An electroscope is an instrument used foi- 
detecting the presence and determining the kind of electricity in 
any body. The gold-leaf electroscope shown in Fig. 11 is one 
of tlje common forms, and is a very sensitive instrument It 
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consiftts of a glass jar with a metal rod passing through the stop- 
per and terminating at the lower end in two strips of gold leaf, 
and at the upper end in a metal plate or knob. 

When a charged body is brought near the plate, an unlike 
charge is induced therein, while a like charge is repelled to the 
two strips of gold leaf. The two strips, being then similarly 
charged, repel each other and diverge. When the charged body 
is withdrawn, the strips will come together again. A rubbed 
glass rod will cause the strips to diverge even when two or three 
feet from the plate. 

In order to determine the kind of electrification a body 
possesses, the plate is first touched by a body charged with a 
known kind of electricity, say positive. The electroscope is then 
charged with positive electricity and the strips of gold diverge. 
The body to be tested is then brought near the plate. If the 
gold leaves then diverge more, the body is charged with positive 
electricity, but if they approach each 
other, the body is charged with negative 
electricity. 

Electrophorus. This is an appara- 
tus by which an unlimited number of 
charges may be obtained from a single 
charge. It consists of a round cake of 
resinous material (Fig. 12), formed in 
a shallow metal pan, and a round metal 
plate of slightly smaller diameter, pro- 
vided with a glass handle. In using the 

electrophorus, the resin is first rubbed with a woolen cloth or 
with a cat's skin, and receives a charge of negative electricity. 
The plate is then placed on the cake. Owing, however, to the 
unevenness of the resin, the plate comes in contact with only p 
few points, and on account of the non-conductivity of the resin, 
the negative electricity of the cake does not pass to the plate. 
On the contrary, it acts by induction on the plate and attracts a 
positive charge to the under surface and repels a negative charge 
to the upper. The plate is now touched with the finger, and 
the induced negative electricity being repelled and free, passes 
off. The plate then retains a bomid charge of positive electric 
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ity and, when raised from the cake, the charge distributes itself 
uniformly over the surface. The charge is siiflRcient to yield 
a spark when another conductor is brought near the plate. 
The plate may then be replaced, touched, and when removed will 
possess another charge. The original charge on the cake, how- 
ever, remains substantially the same in amount. 

It may appear from the above that there is a gain in energy 
without a corresponding expenditure of work. This is not the 
case, however, for every time the plate is raised, the attraction 
between the unlike charges must be overcome and work is there- 
fore expended in raising the plate. 

Electric flachlnes. The electrophorus is a very elementary 
form of electric machine, but there are other types wliich are 
much more powerful. One type operates upon the same princi- 




Fig. 18. 

pies as the electroi)horus ; tlie initial charge induces othei 
charges, which are conveyed by the moving parts of the niachine 
to some other part, where the induced charges may be accumu- 
lated. In another type the electricity is produced by friction. 
Fig. 13 illustrates the plate electric machine which is of .the fric- 
tional type. The machine consists of a plate, J., of ghiss or 
ebonite, having its shaft, 5, provided with a handle, O. A pair of 
rubbers or cushions, 2>, press against opposite sides of the glass 
and are in electrical connection with the insulated negative con- 
ductor J?. The cushions are usually made of leather and covered 
with an amalgam of tin, zinc and mercury. The prime conductor 
G is supported by an insulating standard and canies two pxms. 



M Digitized by Google 



ELEMENTS OF ELECTRICITY. 17 

H^ which extend one on each side of the plate. These arms carry 
teeth in the form of combs which extend inwardly, but are not in 
contact with the plate. Electricity tends to escape from sharp or 
pointed projections, and round, polished surfaces are best adapted 
to retain a charge. A silk flap S is attached to the cushions and 
partially covers the plate. 

When the handle is turned, the frictional contact causes the 
rubber to be negatively electrified and the plate positively. The 
positive charge is carried around on the plate and acts* inductively 
upon the prime conductor 6?, repelling a positive charge to its 
distant end and attracting a negative charge. The negative 
electricity, being attracted by the positive charge on the plate, 
passes readily to it by means of the combs H^ and these charges 
are thereby neutralized. Hence that portion of the plate which 
has passed the combs retains no charge, but an induced, positive 
charge accumulates on the conductor Q-, Upon passing the 
cushions, that portion of the plate is recharged, and the action is 
repeated. The lower half of the plate is therefore always charged, 
and the other half is neutral. As each successive part of the plate 
passes the cushion it receives a positive charge, which is neutral- 
ized when it passes the combs. The flap S is used to reduce 
electrical leakage from the plate. When positive electricity is to 
be collected on Q-^ conductor E is put in connection with the earth 
by means of a chain or wire, F. The negative electricity of the 
cushions is thereby neutralized. Negative electricity may be col- 
lected upon conductor E^ by connecting G to ground instead of 
conductor E, 

Condensers. A condenser is an apparatus for accumulating 
a large quantity of electricity on a comparatively small surface. 
The form may vary considerably, but in all cases it consists essen- 
tially of two conductors separated by a non-conductor, and its 
action depends upon induction. 

In explaining the action of the condenser, the apparatus 
illustrated in Fig. 14 will be considered. The two plates A and 
B are insulated conductors, and (7 is a glass plate between them. 
Each of the conductors has a pith ball a and b connected with it. 
Let plate A at first be at such a distance from fi as to be out of 
its sphere of influence. The plate B is then connected by the 
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conductor x^ to the positive conductor of an electrical machine, 
and receives a positive charge, which is distributed uniformly over 
its surface. The pith ball or pendulum b will diverge widely, and 
if connection with the charging machine then be broken, no change 
in the distribution of the electricity occurs. However, when 
plate A is placed in the position shown, the distribution is consid- 
erably changed. This plate is connected to the earth by a con- 
ductor y. The positive charge on B now acts inductively across 
the intervening space and glass-plate (7, repelling a positive charge 
to the earth through y, and attracting a negative charge which 
resides on the face n of plate A This negative charge now 
reacts upon the positive of plate B and attracts it. The uniform 
distribution on this plate is then disturbed and the positive elec- 
tricity accumulates on the face m of plate B. That the density of 
charge on the other portions of conductor B is diminished, is 
shown by the fact that pendulum b diverges less. Owing to 
there being less electricity on i)ortions of B than before, B can be 
recharged until the pendulum diverges as much as at first. The 




Fig. 14. 

effect of plate A, therefore, is to condense the electricity on face 
m of plate B and thus increase its capacity for more electricity. 
Electricity is then distributed over the entire surface of B^ but is 
much more dense on face /?i. If the connections x and y be broken 
and the plates separated so that they .have no effect upon each 
other, the positive charge will then be distributed equally over 
the surface of 5, and the negative charge equally over surface A, 
This is shown by the pendulums diverging much more than 

before. 

The nearer the plates A and B are to each other, and the 
greater their size, the greater the capacity of the apparatus ; that 
is, the greater may be the charge on B. 
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Leyden Jar. The Leyden jar is the raost convenient form 
of condenser. It consists, as shown in Fig. 15, of a ghiss jar, 
coated within and without for about two-thirds of its. height with 
tin foiL The stopper has a metallic rod passing through it which 
communicates with the inner coating by means of a small chain. 
The upper end of the rod terminates in a knob. The upper por- 
tion of the jar, the stopper and the supporting rod are usually 
coated with shellac to protect them from moisture. The inner 
coating corresponds to the collecting plate B of Fig. 14, the glass 
to the insulating plate C and the outer coating to the condensing 
t)late A. 

The jar is charged by holding the knob to the prime conduc- 
tor of an electrical machine or other source of electricity, and con- 
necting the outer coating to the earth by a wire or 
chain, or by holding the jar in the hand. When the 
knob is presented to the positive conductor of the 
machine, positive electricity is accumulated on the 
inner coating and negative electricity on the outer 
coating. The positive charge acts inductively 
through the glass and repels a positive charge to the 
earth and attracts a negative charge on the inner 
face of the outer coating. The action of the jar is 
therefore the same as that of the condenser previously considered. 

The jar should be made of good glass, should be kept diy 
and free from du»t. The thinner the glass the greater is the 
capacity, but if the ghiss is too thin it will not be effective in 
insulating the charges from each other. In such a case a spark 
will pass from one coating to the other directly through the 
glass. 

The jar may be discharged by connecting the inner and outer 
coatings by a conductor. If the outer coating be held in one 
hand, and the other hand be presented to the knob the person will 
experience a severe shock, as the arms and body then provide a 
path for the electricity to unite. To eliminate danger in dis- 
charging, a pair of discharging tongs should be used. These con- 
sist of jointed brass rods provided with knobs at the separable 
ends and also provided with insulating handles. One of the 
knobs is brought in contact with the outer coating and the other 
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brought near the knob connected to the inner coating. A 
bright spark then leaps between tliese two knobs and the dis- 
charge is accomplished. 

For the accumulation of powerful charges, a battery of jars 
is used. This consists of several j;irs, which have all the inner 
coatings or knol)s connected together and all the outer coatings 
connected together. The battery is charged and discharged in the 
same manner as a single jar ; in fact, tlie battery is equivalent to 
a single jar having very large inner and outer coatings. Great 
care must be taken in charging or discliarging a battery, as a 
shock received may be serious enough to prove fatal. 

DYNAMIC ELECTRICITY. 

Dynamic electricity, or electrodynamics, considers, the flow of 
electricity in currents. In the i>receding* pages the static charge 
has been considered, but it has been shown that such a charge 
may pass readily from one conducting body to another when a 
suitable path is provided. If electricity could be sui)plied just as 
fast as it flowed away, there would be a continuous flow, or current 
of electricity. Hence if one end of a wire is kept positive and the 
other negative, electricity constantly flows from one end to the 
other. This result may be obtained by cheniical action, lieat or 
induction. The latter method, which includes the movement of 
wires across a magnetic field is used in the dynamo and is fully 
considered in the following discussions. In all cases when a con 
tinuous current flows there must he a complete curcuit provided. 

Voltaic CeU. A continuous current is obtained from the 
voltaic cell, and the source of the electricty is the chemical action. 
Such a cell is illustmted in Fig. IG. The glass jar A contains 
dilute sulphuric acid, in which are placed the copper plate C and 
the zinc plate Z, Wlien a wire connects the two plates as 
shown, a continuous flow of electricity takes place (as indicated 
by the arrows) from the copi)er plate through the wire to the 
zinc plate and through the lic^uid to the copper plate. The flow 
of current tends to neutralize the difference in electrical condition 
of the plates, but the chemical action witliin the jar maintains 
this difference. This electrical difference between the plates is 
called the potential difference ; and the greater the amount of 
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potential difference, the greater is said to be the pressure , electro- 
motive force or voltage^ which causes a current to flow. The 
strength of the current passing depends directly upon the amount 
of this electromotive force. The current strength also depends 
upon the amount of resistance to its flow. If the circuit is short and 
made up of good conductors, the current will be much stronger 
than if it were long and made up of poor conductoi-s. 

Flow of Electricity. Electricity, although commonly de- 
scribed and referred to as flowing through a circuit does not actually 
flow. There is no transfer of matter along the circuit. A wire 
carrying a current looks the same as one that is 
not, and that electricity is present is only evident 
by the heating, chemical or magnetic effects pro- 
duced. It is convenient, however, to describe 
electricity as flowing, and this term suffices for 
all practical purposes. 

In order to show the relation between elec- 
tromotive force, current and resistance, electric- 
ity flowing in a circuit is often compared to the 
flow of water in a pipe which connects two 
reservoirs containing water at different levels. 
When a clear path is provided, the water will 
flow from the reservoir at the higher level 
lower level, and the greater the difference 




Fig. 16. 

to the one at 
m the levels 



the 
the 

greater is the pressure and consequent flow of water. Also 
the \^ater will flow much faster through a short large pipe, 
than through a long and small one. Similarly, the greater the 
pressure or electromotive force the stronger is the current of 
electricity, and the greater the resistance of the circuit the 
less the current. This analogy mast not be too closely applied, 
however, for the reason that with water there is an actual transfer 
of matter. 

Internal and External Resistance. The circuit shown in 
Fig. 16 may be divided into two parts, — the iiiternaly which 
includes the plates and liquid, and the external circuit which con- 
sists of the wire connecting the plates. If this wire is small and 
long, it will ha^a^ a high resistance and only a weak current will 
flow. The resistance of liquids as compared with metals is con- 
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siderable. The internal resistance of a cell may be reduced by 
having the phvtes large and putting them close together. Gases 
are poor conductoi-s of electricity, and hence the bubbles caused 
by the chemical action and which cling to the plates, greatly 
hicrease the internal resistance. 





Fig. 17. 



Fig. 18. 



Chemical Action in the Cell. The essential elements of a 
voltaic cell are : a plate, which may be oxidized, such as zinc, a 
liquid capable of acting on this plate, such as sulphuric acid, and 
an inactive plate, such as copper. When the wire connecting the 
plates is broken, there is no current, but upon closing the circuit 
chemical action takes place and a current flows. The chemical 
reaction which occurs is represented as follows : 

Zn + H2SO4 = ZnSO^ + Hg, 
which is equivalent to saying that the zinc (Zn) combining with 
the sulphuric acid (HgSO^), produces zinc sulphate (ZnSO^) 
and free hydrogen gas (Hg). The hydrogen is given off as a gas 
from the liquid and zinc sulphate remains in solution. This 
action takes place as long as the current flows and de[)ends upon 
the amount of current flowing. The zinc gradually dissolves into 
the liquid and the latter gradually becomes a solution of zinc 
sulphate. When the liquid no longer contains any acid or when 
the zinc is used up, the chemical action ceases. The spent liquid 
must then be replaced by a new acid solution and a new piece of 
zinc substituted. 
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Polarization. One great objection to the simple voltaic cell 
is that the current produced, rapidly decreases in strength after 
the circuit is closed for a short time. This is due mainly to the 
collection of hydrogen bubbles upon the surface of the copper 
plate. This coating of bubbles hinders the direct contact of the 
copper plate with the liquid as its effective area is reduced. This 
also greatly increases the internal resistance of the battery. 

When this accumulation of hydrogen bubbles takes place, 
the cell is said to be polarized. In order to reduce this action 
and so enable a cell to maintain a constant current for some time, 
single fluid cells have been largely replaced by double fluid cells< 
In these the inactive plate, about which the bubbles would other- 
wise collect, 18 placed in a liquid which chemically unites with the 
hydrogen. 

Among the numerous forms of cells now manufactured, the 
following are described as being among the most important. 

5mee*s Cell, In this cell, which is illustrated in Fig. 17, 
polarization is reduced by mechanical means. The cell consists 
of a silver plate, coated with a deposit of finely divided platinum, 
•and suspended between two zinc plates in dilute sulphuric acid. 
The middle plate has a roughened surface due to the deposit of 
platinum, and the hydrogen bubbles therefore readily disengage 
from its surface and pass off. 

Bichromate Cell. This ceU, shown in Fig. 18, has the zinc 
plate suspended between two carbon plates which are joined 
together at the top. The solution used is made up of dilute sul- 
phuric acid and bichromate of potash. The latter substance 
chemically unites with the free hydrogen and so prevents polari- 
zation. This solution also attacks the zinc, even when the circuit 
is open, and when not in use the zinc plate is raised above the 
solution by the rod A. 

Leclanche Cell. In place of the sulphuric acid solution, this 
cell is provided with a solution of ammonium chloride (sal- 
ammoniac), in which a zinc rod is placed. Within the jar contain- 
ing this solution is placed a porous cup, as shown in Fig. 19. 
This contains a rod of carbon, which is the inactive element, and 
closely packed about it is black oxide of manganese and powdered 
carbon. The oxide slowly gives off oxygen and so prevents 
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accumulation of hydrogen about the carbon. The porous cup, 
although it does not interfere with the passage of the current, 
protects the zinc from the action of the oxide. This cell is much 
used in connection with telephones and electric bells, or where it 
is desired to use it for only a few minutes at a time. If used for 
a long period, the current strength decreases, but quickly regains 
its original power when the current is interrupted. It is therefore 
well adapted for intermittent service. 

Daniell CelL The Daniell cell (Fig. 20) is made up of an 
outer portion of copper, which serves as tlie inactive element. 
Within this is a saturated solution of copper sulphate, and crystals 





Fig. 19. 



Fig. 20. 



of copper sulphate are provided in perforated cups at the top, so 
that they may dissolve and keep the solution saturated. A porous 
cup containing dilute sulphuric acid or zinc sulphate and a rod of 
zinc, completes the cell. The porous cup protects the zinc from 
the copper sulphate solution, and this solution prevents the 
hydrogen from accumulating about the coj)per. The hydrogen 
unites chemically with the copper sulpluvte forming sulphuric acid 
and free copper. The free copper is then de[K)sited upon the out- 
side copper portion. The action is represented as follows: 

H, + CuSO^ = HgSO^ + Cu, 
which is equivalent to saying that hydrogen united with copper 
sulphate produces sulphuiic acid and copper. 

This cell is very constant in its action because, as long as the 
copper sulphate solution is saturated, no polarization can take 
place. This cell is much used in telegraphy, and is kept on a 
closed circuit, the interruption of the circuit being used to give 
the signals, instead of the closing of the circuit. 
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Qrove CelL In the Grove cell (Fig. 21) a hollow cylinder 
of zinc is placed in dilute sulphuric acid. Within this cylinder is 
a porous cup containing strong nitric acid and a strip of platinum 
for the inactive element. Polarization is prevented by the 
hydrogen uniting witli the nitric acid. This cell has a low inter- 
nal resistance and can produce a strong current for several hours. 

Bunsen Cell. This is similar to the Grove cell, except that 
the platinum is replaced by a rod of carbon (Fig. 22). It has a 
slightly higher electromotive force than the Grove cell and is less 
expensive, but it has higher internal resistance. 





Fig. 21. 



Fig. 22. 



Gravity Cell. Where one of the two liquids used in a cell 
is heavier than the other, their difference in specific gmvity may 
be depended upon to keep the liquids separate, instead of using a 
porous cup. The heavier liijuid then remains at the bottom of the 
cell and the lighter one forms a layer above it. Fig. 23 shows 
such a cell, wliich is the same as the Daniell cell except that no 
porous cup is used. A copper plate at the bottom is surrounded 
by crystals of copper sulphate and covered with a solution of the 
same. The zinc is supported above this and in a dilute solution 
of sulphuric acid or zinc sulphate. The copper sulpliate solution 
being the heavier remains at the bottom and prevents polarization. 
The two solutions do not remain entirely separated, however, as 
the heavier solution slowly diffuses upward. 

Dry Cell. In this cell, wliich is more properly called a 7noi8t 
cell, the usual liquid solutions are dispensed with, and in place of 
them the cell is provided with substances capable of retaining 
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moisture for a long time. These cells have the advantage of 
being very conveniently handled and are extensively used. One 
form of dry cell is shown in Fig. 24. In this cell the usual gltujs 
jar is replaced by a zinc tube or cup, to which a clamping screw 
is attached. Within this is a carbon rod forming the inactive 
plate and also provided with a clamping screw. The zinc is lined 
with a compound corresponding to the acid solution of other 
cells, and the carbon is surrounded by a semi-solid compound 
which acts to prevent polarization. After the ingredients have 
been placed in the cell, it is sealed at the top with bitumen or 
other similar substances. 

HAQNETIC EFFECTS OF ELECTRIC CURRENT. 

On the preceding pages magnetism, static charges of elec- 
tricity and the electric current have been considered. It has 
been shown that static charges act very much like magnets in 
regard to attraction, repulsion, induction, etc. ; but no connection 
between magnets and charges of electricity 
litis yet been discovered. A static charge, 
either positive or negative, has the same 
effect upon the north pole of a magnet as 
upon the south pole. There is, however, 
a close relation between magnetism and the 
electric current. 

Deflection of the Hagnetic Needle, We 
have seen that when a conductor connects two 
materiaLs having a difference of potential be- 
tween them, that a current will flow as soon 
as the circuit is completed. This current causes the wire to be sur- 
rounded by a magnetic field, and the magnetic field consists of lines 
of force which encircle the conductor. The field is strongest near 
the conductor and diminishes gradually in strength at increasing 
distances therefrom. The presence of this magnetic field may be 
shown by the experiment illustrated in Fig. 25. When the pivot- 
ally supported magnet having poles iV and S is placed near the 
wire carrying a current, the needle will be deflected and tend to 
place itself at right angles to the wire. The direction in which 
the needle is deflected will depend upon the direction of the 
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Fig. 24. 



current, and whether the needle is above or below the wire. The 
amount of the deflection will depend mainly upon the current 
strength, length of the magnet and strength of its poles. This 
phenomenon is made use of in measuring the strength of currents, 
and is one of the fundamental principles of electrical 
measuring instruments. 

Solenoid. When an electric current is passed 
through a coil of wire such as is shown in Fig. 26, 
the coil becomes equivalent to a magnet, and has 
poles iVand S as indicated. Such a coil is called a 
solenoid. The magnetic field surrounding eacli turn 
of wire unites to form a magnetic field alx)ut the coil 
similar to that of a bar magnet, as* shown in Fig. 3. 
If free to turn, the solenoid assumes a position such 
that its axis will point north and south, and thus 
acts like a compass needle. The same phenomena 
of attraction and repulsion exist between solenoids, 
or between solenoids and magnets, as exist between magnets. 
Which end of the solenoid becomes the north pole and wliich the 
south, depends upon the direction of the current through the coil. 
Blectromas^nets. Since a solenoid is surrounded by a mag- 
netic field similar to that of a magnet, it follows that the solenoid 

* is capable of magnetizing pieces of 

soft iron and attracting them in 
the same way as does a steel mag- 
net. The field of a solenoid is 
strongest within its windings, and 
it follows tliat if a bar of soft iron 
is placed within the coil, the bar 
will be much more strongly mag- 
netized than if placed in any other position about the coiL A 
coil adapted to carry a current and provided with a soft iron 
core is called an electromagnet. In order to permit the wire to be 
closely wound and at the same time force the current through 
each turn, the wire is covered with insulation throughout its 
length. Such insulation may consist of a covering of silk, cotton 
or guttapercha. The core remains a magnet only while the cur- 
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Electromagnets may be made very powerful, and when made 
in the form of a horseshoe have great lifting power. A horse- 
shoe electromagnet is shown in Fig. 27. The winding of the 
two coils A and B must be such that the ends of the horseshoe 
have opposite polarity. This condition is fulfilled if the winding 




Fig. 26. 

on the two links is in the same direction, when the horseshoe is 
straightened out. 

Applications of Electromagnets. The great advantage in 
using the electromagnet lies in the control of its magnetism. 
When the current is passing, the core is strongly magnetized, and 
when no current flows it ceases to act as a magnet. Hence its 
action may be controlled by simply open- 
ing or closing the circuit by a key or switch, 
the source of the electricity being included 
in the circuit. This control of the magnet 
may be accomplished at great distances 
by merely extending the wires from the 
coil to the distant point and operating the 
switch or key at tliat point. 

Telegraphic instruments are con- 
structed upon this principle, the closing 
of a key at a distant point causing the 
electromagnet to attract a piece of iron called its armature, sup- 
ported near its poles, and so give a signal. When the current 
ceases to flow, the armature is forced away from the poles by the 
action of a spring, the foice of the spring being overcome, how- 
ever, whenever the current passes. 

The electromagnet is also used in electric l)ells. The arma- 
ture carries a hammer which strikes against the bell whenever the 
armature is attracted. By the rapid opening and closing of the 
circuit, which is accomplished automatically, the hammer is made 
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to strike the bell repeatedly. Electric clocks are also governed 
by the action of electromagnets. 

PRODUCTION OF CURRENTS BY INDUCTION. 

• 

We have seen that magnets may induce magnetism in pieces 
of soft iron and attract them. We have also seen that electric 
charges may induce charges in other bodies. Induced currents 
may be produced by the relative movement of a magnetic field 
and a neighboring conductor, or by the action of a current in 
one conductor upon a neighboring conductor. The production of 




Fig. 28. 

induced currents is therefore a very different phenomenon from 
that of induced static charges. 

Induction by nas:nets. Fig. 28 represents a coil -B, having 
connected in its circuit an instrument Q- for the puipose of indi- 
cating the presence of any current. The magnet A is adapted 
to be thrust within the coil. Upon forcing the magnet rapidly 
within the coil, the instrument will show that a momentaiy cui^ 
rent passes, The current continues as long as the magnet is in 
motion, and ceases as soon as the magnet is brought to rest. The 
quicker the magnet moves the greater is the strength of the 
induced current. Upon withdrawing the magnet a cun*ent is 
also induced, and this flows in the opposite direction to the former 
cunent. 
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These induced currents are caused by the field surrounding 
the magnet moving or cutting across the wires composing the coil. 
If a current were passed through the coil, it would create a 
magnetic field, so on the other hand, the movement of a magnetic 
field within the coil produces a current. It makes no difference 
whether the magnet or the coil is moved, so long as there is 
relative movement. This production of a current by the relative 
movement of a magnetic field and a con* 
due tor, is the fundamental principle of all 
dynamos. 

Induction by Currents. Asasuien- 
oid is surrounded by a magnetic field 
similar to that of a bar magnet, it follows 
that if a solenoid carrying a current were 
thrust within another coil, induced cur- 
rents would be produced in the latter. 
This experiment is illusti-ated in Fig, 29. 
These induced currents, as in the case 
when the magnet is used, only flow during 
the motion of the solenoid. When the 
solenoid is inserted, the induced current 
^' ' flows in one direction and when with- 

drawn, it flows in the opposite direction. The insertion of the 
solenoid induces a cuiTent which has a direction opposite to that 
in the solenoid, and the withdrawal induces a current which has 
the same direction as that in the solenoid. 

Induction Coil. Suppose now that the two coils shown in 
Fig. 29 are placed one within the other, there being no current 
passing, and that a current is afterwards passed through the inner 
coil. Upon permitting the passage of a current in the inner coil 
a momentary current is induced in the outer coil, the same as 
if a magnet had been thrust into the coil. This induced current 
continues, however, only while the current in the inner coil is 
increasing in value from zero to its normal amount. As soon as 
this normal strength is reached the induced current ceases to flow. 
Now when the circuit of the inner coil is broken and its current 
ceases to flow, another momentary current is induced in the outer 
coil, which has a direction opposite to that formerly passed 
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through it. Such an instrument for producing induced cuiTents 
is called an induction coil. The coil through which the original 
cun-ent is passed is called the primary coil, and that in which the 
currents are induced is called the secondary coil. The induction 
coil is the fundamental principle of transformers, commonly used 
in long distance power transmission. 

Fig, 80 illustrates an induction coil having the two sets of 
windings A and B and also supplied with a soft iron core C. 
This iron core greatly increases the amount of induction. 

The production of induced currents by opening and closing, 
or making and breaking the primary circuit, is similar in action 
to thrusting a magnet within and withdrawing it from a coil. 
When a magnet is used, the induction is caused by the magnetic 

A A 



A is secondary coll. 
n Is primary coil. 




Fig. 30. 



field moving across the wire composing the coil. Now when the 
primary circuit is closed, a magnetic field is created, which is 
equivalent to thrusting a magnet within the coil. The breaking 
of the primary circuit is equivalent to withdrawing the magnet, 
and so induces a current. The current induced by closing the 
primary circuit is opposite in direction to that of the primaiy 
current, and that induced by breaking the primary circuit is in 
the 8am4^ direction as the primary current. The induced currents 
are only caused by the changing in strength of the magnetic field 
surrounding the secondary circuit. Therefore, while a constant 
current is passing in the primary circuit, there will be no induced 
currents. When the strength of the primary current changes, 
however, secondary currents will be induced. The strength of 
these induced currents will depend upon the abruptness of change 
in the primaiy current, and their direction will depend upon 
whether the primary current increases or decreases. 

It should be remembered that before a current can flow there 
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Fig. 31. 



must be a closed circuit, and an electromotive force. A current 
flows in the secondary circuit only when it is closed, but the 
electromotive force exists whether or not the secondary circuit is 
closed. Strictly speaking the electromotive force is first produced 
or generated, and the current then flows when the circuit is closed. 
The value of the electromotive force generated in the secondary, 
depends upon the number of turns in the same ; a much higher 
electromotive force being generated in a coil of a large number of 
turns than in a coil of a few turns. This fact is of great practical 

importiince, for it tlius pro 
vides a means of obtaining 
very high electromotive 
forces. 

Fig. 31 illustrates an 
induction coil anunged to 
genei-ate a very high elec- 
tromotive force, and for- 
producing sparks between 
widely separated points. 
The primary coil consists of a few turns of coai-se wire, and 
about this is the secondary coil made up of many thousand 
turns of fine wire, all of which are well insulated. In the 
primary circuit are connected a few Grove's or Bunsen's cells 
and a switch for interrupting the circuit. The making and 
breaking of the primary circuit generates a very high electro- 
motive force in the secondary. Sparks of considerable length maj 
be produced between the terminals of the secondaiy by this type 
of coil. A condenser is used in connection with the device, in 
order to decrease the electromotive force induced by closing the 
primary circuit, and to increase that induced by opening the 
primar}'- circuit. The sparking therefore occurs at the breaking of 
the primary circuit. A powerful induction coil made at London, 
in which the secondary coil contained 280 miles of wire wound in 
340,000 turns, yields a spark 42^ inches in length, when worked 
by 30 Grove's cells. 

Mutual and Self-induction. Induction produced in one con- 
ductor by currents in another, which has no electrical connec- 
tion with the first, is called mutual induction. We have seen 
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that mutual induction is caused by the change in strength of the 
magnetic field surrounding the secondary coil. The primary coil 
must necessarily be subject to the same change in field strength, 
which is therefore acted upon inductively as well as the secondary 
coil. This reaction tends to oppose any increase or decrease in 
the primary current. It is greater for a coil having a large num- 
ber of turns or one provided with an iron core. This inductive 
action of a coil upon itself is called self-induction. Electro- 
magnets have very high self-induction. Upon closing the circuit 
in such a coil its self-induction causes tlie current to increase in 
strength very slowly, and upon opening the circuit self-induction 
tends to prolong the current, and produces what is termed an 
*' extra current." The high electromotive force causing this extra 
current, may be sufficient to give a dangerous shock, and produces 
a bright spark where the circuit is opened. 

HEATING EFFECTS OF CURRENT. 

Heating: Depends upon Resistance. We have seen that 
some substances are very good conductora of electricity, that 
others are fairly good and that others are very poor conductors. 
That is, some substances offer very much more resistance to the 
flow of electricity than others. In order to force the current 
through this resistance, a certain amount of energy must be 
expended and the greater the resistance, the greater is the amount 
of energy required. The energy which is thus coiLsumed, appears 
in the form of heat. From every part of a circuit through wliich 
a current is flowing, heat is dissipated, and this heating raises the 
temperature of the circuit a certain amount. A short, stout 
copper wire has low resistance, and so causes but little heat to be 
generated. Also on account of its large radiating surface, this 
heat is readily given off to the surrounding air, and therefore ita 
temperature is raised only to a small extent. A fine platinum 
wire, however, has high resistance and but small radiating surface* 
hence if the same current be passed through this wire, it will come 
to a high temperature and may even become incandescent. 

The laws of heating in electrical circuits were first formulated 
by Joule. Joule's law is as follows : 

The number of heat units developed in a conductor is proper- 
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tianal to its reswtance^ to the square of the current^ and to the time 
that the current laats. 

The amount of heat developed therefore increases in direct 
proportion to the resistjince, but increases as the square of the 
current. Hence doubUng the resistance, doubles the heat gener- 
ated, if the current remains the same, but doubling the current 
increases the genemtion of heat four fold with the same 
resistance. 

Applications. The heating of a wire cariying a current is 
made use of for lighting purposes, and again for blasting, explod- 
ing sub-marine mines, etc. Conducting wires are run from the 
explosive material to a distant point, and include a battery and 




Fig. 82. 

piece of fine platinum mre in the circuit. Some combustible 
substance is placed around the platinum, and seizes to ignite the 
main chaige when the platinum wire is heated. Upon closing the 
circuit tliis wire becomes hot and tlie explosion takes place. 

This principle of heating is also applied to fiises^ used for 
the protection of electric lighting or power circuits. The fuse 
consists of an easily fusible metal which is inserted in the circuit. 
The passage of an excessive or dangerously large current heats 
the fuse to its melting point and so breaks the circuit. The 
cause of the large current may then be removed and a new fuse 
inserted in place of the old one. 

Electric welding is accomplished by passing a powerful cur- 
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THE MORTON- WIMSHURST-HOLT2 INFLUENCE MACHINE 

This machine illustrates one of the commercial applications of the static machine described 
on page 16. It is intended for X-ray purposes and therapeutical use, for which it has 
many advantag'es over the induction coiU which is sometimes substituted for it, 
being entirely self-contained and independent of outside sources of pow- 
er. These machines vary in size from 6 revolving and 6 sta- 
tionary 28-inch plates to 12 revolving and 12 station- 
ary 32-inch plates. The spark is from 9 to 
15 inches in length. 



Digitized by 



Google 



Digitized by 



Google 



ELEilENTS OP ELECTRICITY. 86 

rent through two rods held together. The heating at the junction 
softens the metal and the rods become welded. 

The electrical heating of cars and of cooking utensils is 
accomplished by passing a current through wires of high resist- 
ance. 

Thermo-Electric Currents. If the junction of two dissimilar 
metals forming part of a circuit, is heated, a current is produced. 
If a piece of bismuth and a piece of antimony he soldered together 
and form part of a circuit, then if the junction be heated to a tem- 
pei-ature higher than that of the rest of the circuit, a current will 
flow in the direction from bismuth to antimony through the heated 
section. If the junction be cooled below the temperature of the 
rest of the circuit, a current will flow in the opposite direction. 
The current will continue to flow as long as the difference in 
temperature is maintained. Currents thus produced are called 
thermo-electric currents. This phenomenon is commonly known 
as the Seel)eck effect from the name of its discoverer. 

About the only application of the above phenomenon is made 
to instruments for detecting very slight differences in temperature. 
These are arranged so that a very small rise in temperature of a 
bismuth and antimonj' junction, will generate a current which 
may be measured by a sensitive instrument in the circuit. Other 
metals may be used but the effect is not nearly so pronounced. 

CHEHICAL EFFECTS OF CURRENTS. 

Electrolysis. When a current of electricity is passed through 
water from one terminal of a circuit to the other, the water is 
decomposed into its constituent parts, hydrogen and oxygen. The 
hydrogen gas rises in bubbles from one terminal and the oxygen 
gas from the other. Fig. 32 illustrates an arrangement of appar- 
atus by which this decomposition may be attained, and by which 
the gases may be separately collected. The current from a couple 
of cells is conducted through one wire to a vessel containing 
water, then through the liquid and through the other wire to 
the cells. Pure water is a poor conductor, and a few drops 
of sulphuric or hydrochloric acid are added to increase its conduc- 
tivity. The two terminals project through the bottom of the 
vessel and over each of them is placed a tube closed at the upper 
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end and filled with water. The gas given off from each terminal 
rises and collects in the upper portion of the tubes. Oxygen 
rises from the terminal by which the current enters the liquid 
and hydrogen from the terminal by which it leaves. Oxygen is 
therefore collected in one tube and hydrogen in the other. Two 
volumes of hydrogen and one volume of oxygen unite to form 
water, and hence in its decomposition the volume of hydrogen col- 
lected Ls twice that of the oxygen. 

Other liquids may be decomposed by passing a current through 
them, and this process of decomposition is called electrolt/sis. 
Liquids which maj* be decomposed in this manner are called 
electrolytes. The terminals by which the current entera and 
leaves the liquid are called electrodes. The anode is that terminal 
by which the current enters and the kathode is that by which it 
leaves the liquid. 

Some liquids such as oil, which is an insulator, and mercury 
which is itself an element, cannot be decomposed by an electric 
current. Dilute acids however, and solutions of metallic salts are 
readily decomposed. 

For an example of the decomposition of a salt we will take & 
solution of copper sulphate for the electrolyte. The current from 
a single cell is sufficient to decompose this salt. By passing the 
current through the liquid, metallic copper Ls sepai-ated from its 
compound and is deposited in a pure state upon the kathode* 
The remainder of the compound unites with the water to form 
sulphuric acid and oxygen. The latter rises in bubbles from the 
anode. The final result therefore, is that the kathode receives a 
coating of pure copper and the liquid becomes dilute sulphuric 
acid. If the anode consists of copper, it will dissolve into the 
liquid forming copper sulphate as fast as the pure copper is 
deposited upon the kathode. In this case the action of the cur- 
rent is to transfer the copper from the anode to the kathode. 

The amount of chemical action in an electrolytic cell depends 
upon the strength of current, and the time it continues. 

Electrotypins:. The decomposition of salts by the electric 
current has received ii most impoitant application in electrometaU 
lurgy. By this process exact reproductions may be made of 
type, plaster casts, medals, etc. In the usual process a wax mould 
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of the object is first made, and this is coated with graphite or 
powdered bronze to render it a good conductor, Tlie mould is 
then suspended in, and forms the kathode of an electrolytic cell 
For the formation of a copper electrotype, the anode is a plate of 
copper and the electrolyte is copper sulphate. The passage of the 
current produces an exact reproduction of the original object on 
the wax mould. Even the faintest lines are accurately repioduced. 

Electroplatins:. By this process the cheaper metals may 
receive a thin coating of gold, silver, nickel, etc. The objects to 
be plated are suspended in the electrolytic cell and form the 
kathode^ In electro-gilding the electrolyte is a solution of double 
cyanide of gold and potassium, and a plate of gold forms the 
anode. This plate dissolves into the liquid as fast as the gold 
coating is deposited upon the objects to be coated. For electro- 
silvering a double cyanide of silver and potassium and a plate of 
silver are used. Iron objects are usually coated with a copper 
deposit before being gilded, silvered or nickeled. The copper 
presents a better surface for the other metals and gives more 
durable results. 

Accumulators, also called storage or secondary batteries, 
consist of cells which are capable of giving out electrical energy, 
in virtue of the chemical change caused by first passing a current 
through them from an external source. 

The simplest type of accumulator is called the Plants battery 
from the name of its inventor. This cell consists simply of lead 
plates in dilute sulphuric acid. The plates are "formed" or made 
active by repeatedly " charging " and " discharging " the cells. 
That is, a current from an outside source is passed through the 
cell from one plate to the other, and then by connecting the plates 
by a wire a current will flow until the potential of each plate is 
the same. By repeated charging and discharging, the capacity ol 
the cell is gpreatly increased. No electricity is stored up by the 
plates as with the Leyden jar, but the effect is due entirely to a 
chemical change on the surface of the plates. By repeated charg 
ings this chemical change penetrates deeper and deeper into the 
plates and thus increases their capacity. The current received 
from the cell flows in an opposite direction to that by which the 
cell is charged. 
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THE TELEGRAPH. 

Having considered tlie electromagnet and the effect pro- 
duced in a core of soft iron, by a current of electricity which 
passes through a coil of insulated wire surrounding it, we are pre- 
pared to apply these principles to the electric telegraph. 

Various devices have been tried, with more or less success, 
for transmitting and recording signals from one point to another. 

The appamtus used in olie of these early attempts caused 
sparks from Leyden jars to pass through a circuit. Another was 
operated by means of a galvanometer needle which was deflected 
to the right or left. 

None of these attempts were of any practical value except 
that they served to lead up to the telegraph of the present day. 
There are now two successful methods of operating telegraph lines ; 
namely the "Open Circuit" and the "Closed Circuit " systems. 
The former is used in Europe and its chief advantage is that no 
energy is consumed from the batteries except when signals are 
actually being tmnsmitted. The latter system which is used 
almost entirely in America, has on the other hand, advantages 
which ofiPset this. On account of its greater importance in this 
country we will consider more in detail the "Closed Circuit" 
system. 

In its simplest form this system consists of three principal 
parts connected in series in the circuit: 

1. A key for transmitting the signals. 

2. An instrument for receiving tliese signals. 

3. A battery which furnishes the cuirent to operate it 
The Horse Sounder. The instrument most commonly used 

for receiving the signals is the Morse sounder, shown in Fig. 38. 
It consists essentially of an inverted electromagnet E of the horse- 
shoe type. This electromagnet differs somewhat from the one 
shown in Fig. 27, in that it is made up of two cores and a yoke 
or back strap B in order to f uniish a better bearing for the electro- 
magnet upon its base than would be possible with one having a 
rounding back. Above the poles of this magnet, an armature A 
of soft iron is attached to a pivoted lever L of non-magnetic 
materiaU which is controlled by a spring S. When a current 
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passes thi*ough the coils of this electromagnet, the cores become 
magnetized and attract the armature downward. Just before it 
touches tlie poles of the electromagnet ho we ver, the lever to which 
it is attached, strikes a metallic stop F and a click is heard. 
When the current ceases to flow, the cores of the electromagnet 
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Fig. ;i3. 

lose their attractive force. The armature is then carried upward 
by means of the spring which acts on the lever to which the 
aimature is attached. The lever then strikes against another 
stop D and anotlier click is lieard. The i-ange of stroke or play 
of the lever is adjusted by set screws. 
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If the duration of time of current flow is very sliort, the 
intei-val of time between these two clicks will l>e correspondingly 
short. The signal in this case would be a '* dot." If the inter- 
val between the two clicks be longer, the signal would be a dash. 

In this manner by a telegraphic code, consisting of different 
signals made up of dots, spaces and dashes for all tlie letters of 
the alphel)et and numbei-s, it is possible to send and receive mes- 
sages. Besitle the *' Sounder " described above in which the 
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receiving operator depends entirely upon sound for the message, 
there are also in use the " Embosser " and the "Ink Writer." 

In the first a sharp point attached to the armature lever cuts 
the dots or dashes in a strip of paper moved past it by clock 
work ; in the second the dots and dashes are recorded on the 
moving paper by an inked wheel. These last two methods are, 
however, little used by expeit o[)eratora. 

The riorse Key. The Morse Key or instrument by which 
the signals are controlled is shown in Fig. 34. 




Fig. 84. 

It is composed of a pivoted lever L fitted at one end with a 
circular plate P on which the fingers of the operator rest. The 
key is secured to the base by two thumb screws A and T, to 
which the terminals of the circuit are attached. The screw A is 
ill electrical connection with the main body of the key, including 
the lever. The screw T is insulated from the rest of the key by 
some non-conducting material, and terminates in a platinum point. 

On the under side of the lever and immediately above this 
point is another platinum tip which, when the lever is pressed 
down, makes contact, thus completing the circuit through the key. 

The lever is kept in proper position when not in use, by a 
spring D and the length of its stroke is controlled by an adjust- 
able set screw, A switch S, for closing the circuit when the 
instrument is not in use, completes this piece of apparatus. 

The Battery. The battery used for operating the circuit is 
either the Daniell cell shown in Fig. 20 or the Gravity cell shown 
in Fig:. 23. In th« "Closed Circuit" system the batteries are 
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required to furnish current nearly all the time and these cells are 
remarkably well adapted for this purpose as they do not polarize 
and require very little attention other than keeping them supplied 
with copper sulphate and removing the zinc sulphate. 

The number of cells used depends upon the length of the 
line and resistance of the instruments in the circuit. 

In actual practice there is a key and sounder at every station 
on the line, all being connected in series together with a suflScient 
number of cells to furnish the current. The switches of all the 
keys being closed, a current will flow thi-ough the electromagnets 
of all the sounders. 

When an operator wishes to communicate with a certain 
station, he opens the switch of his key, thus breaking the circuit 
and he can then by means of the lever, call the station and send 
any message he desires over the line. This message will, of 
course be simultaneously signalled by all the sounders on the 
circuit. 

When the operator finishes his message he closes the switch 
and is then prepared to receive the reply. 

The Relay. In the case of long lines having many instru-^ 
ments in series, the main current would not be strong enough to 
properly operate the receiving sounder directly, and the relay 
is then resorted to. 

This instrument consists of a horizontal electromagnet, hav- 
ing a large number of turns in its coils, in series with the main 
line. It has an armature somewhat like that of the sounder 
already described. It is however more delicately balanced so 
that less magnetic force is required to attract it. 

When the line current flows through the relay, this armature 
is drawn against its stop, and thus it makes contact for a local 
circuit including a Morse sounder and suflicient batteries to 
work it. 

In this manner, the main or line current, ultliough not strong 
enough to operiit^ the sounder directly, can be made to control 
the sounder in the local circuit, by means of the I'elay, the arma- 
ture of which j)lays the same part in the local circuit as does the 
key in the main circuit when manipulated by the operator. 
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THE TELEPHONE. 

The modem telephone was invented in 1876 by Alexander 
Graham Bell and Elisha Gray. Up to this time, many attemj^ts to 
perfect a successful speaking ai)i>aratus had Ix^en made but they 
were all failures. One cause of lack of success was the fact that the 
inventors had little or no knowledge of acoustics. 

In order to understand tlie operation of the telephone, it is 
necessary, iirst of all, to uuderstuud the principles underlying the 
production of sound, or of acoustics. Sound is produced by vibra- 
tions in the air set up by whatever may be the cause producing 
the sound. These vibmtions strike tlie eaidrum, and the sensa- 
tion of sound is conveyed to the brain. The pitch depends upon 
the rapidity of the vibration, the loudness upon the amplitude, and 
the quality upon the form of the vibration. 

The simplest sort of vibration is tliat set up by a musical tone, 
and to give an idea of the rapidity of vibrations for a specific case 
it may be stated that the musical tone known as middle C is set 
up by 256 vibmtions per second. The vibrations set up by tlie 
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Fig. 36. 

Toice in speaking are of a much more complex nature in ever}' 
way, and on this account the earliest telephones could reproduce 
musical tones, but could not transmit speech. 

The earlier telephones served to transmit and reproduce the 
vibrations of the voice by means of electromagnetic induction. A 
typical telephone circuit in its simplest form is shown in Fig. 35. 
There are two similar instruments, one at each end of tl.e circuit; 
we may consider one the transmitter and the other the receiver. 
M and M^ are two permanent bar magnets on the ends of which 
are coils of fine insulated wire C and (y In front of the mag- 
nets are thin elastic disks of .,lieet iron, 1) and 1),, conunonlj 
known as the diaphragms. Let us consider the left-hand instru- 
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ment the transmitter, and the other the receiver. The permanent 
magnet M sets up a certain number of magnetic lines of force 
through tlie coil C, and as the diaphragm D offers a patli of lower 
magnetic resisUince than the air, many of these lines pass thnough 
it. When we speak close to the diaphragm D, tlie air vibrations 
cause the diaphragm to vibrate. As it approaches tlie magnet M 
more magnetic lines pass through the diaphmgm, and w^hen it re- 
cedes fewer lines pass through it. This action alters the number 
of magnetic lines which pass through the coil C, and hence alter- 
nating currentii are induced in it which are proportional in strength 
to the rate of change of the number of lines. 

These currents also pass tlirough the coil C^ at the receiving 
end of the line, and accoixling to the direction hi which they flow 
around the magnet M^, alternately add to or tend to neutralize its 
strength. When the curi-ent strengthens the magnet, it causes it 
to attract its diaphragm Dp and when the current decreases the 
strength of the magnet, the diaphragm moves away. In this man- 
ner the diaphragm at the i-eceiving end- is made to vibrate in exact 




¥r^, ikj. 



unison with the one. at the transmitting end, and thus similar vi- 
brations of the air are set up, reproducing the sounds spoken into 
the transmitter. 

The above arrangement has been somewhat modified in the 
telephone of the present day, and it has been found more con- 
venient to have a separate tmnsmitter at each end of the circuit. 
Tlie transmitters now in use oj)enite on entirely different princi- 
ples, but the receiver is essentially the same. 
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Receivers. There are two common forms of receiver: the 
single-pole and the bipolar type. 

A single-pole receiver of the Bell type is shown in section in 
Fig. 86. It consists of a haixl rubber case H, in which is placed 
the laminated or compound bar magnet of steel M. This magnet 
is composed of two sets of bars seimrately magnetized ; clamped 
between them hy means of sci-ews is the pole piece of soft iron A 
at one end and the block F at the other end. Uixm the pole piece 
is placed a coil of fine insulated copjier wire B ; connection being 
made from it to the binding posts C C by means of heavy wires 
L L. The binding posts are attached to the end piece P, which 
is held in place by the screw S which threads into the block F, 
and thus serves albo to keep tlie magnet in position. The cap E 
screws to the case and supports the diaphragm D, which is a flexi- 
ble disk of soft iron. The diaphragm is placed a short distance in 
front of the pole piece of tlie magnet, and the portion directly 
opposite it is free to vibrate. 

This instrument is Ijeing su])planted to a great extent by the 
bipolar receiver, which diflfei's from the single-pole receiver in that 
the i^ermanent magnet, instead of being straight, 
is constructed upon the horse-shoe principle. 
This brings both poles in jx)sition to act on the 
diaphragm, giving increased strength of field, and 
consequently making the instrument more efficient. 
A soft-iron pole piece is secured to each end of 
the magnet, and a coil of insulated copper wire is 
mounted on each pole piece. 

At the present time the single-ix)le receiver 
is sometimes used for local work, while the bipolar 
receiver is employed both for this and for long- 
distance work. There is also another form of re- 
ceiver known as tlie watch-case tyjxj, which is used 
to some extent for desk sets and at iho exchange switch-board. 

Transmitters. The type of telephone just described was 
originally used as the transmitter as well as the receiver, and for 
short distances, in which the line resistance was small, gave fairly 
good results. 

It is now the practice to use this instrument as the receiver 




Fig. 37. 
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only, and to use a different fprm of instrument, together with a bat- 
tery, for the transmitter. The action of this transmitter depends 
upon the fact, that if the resistance of a circuit is increased, the 
current will be decreased, and if the resistance is decreased, the 
cuiTent will be increased. This variation in resistance is produced 
by varying the pressure between one or more carbon contacts. If 
the pressure is increased, the resistance is decreased, and if the 
pressui^e-is decreased, the resistance is increased. 

There are three types of transmitter: in the first but one 
carbon contact is used lor varying the resistance, in the second 
several contacts are used, and in the third granular carbon is 
employed, thus giving a very laige number of contacts. 

The Blake transmitter, a section of which is shown in Fig. 37, 
is an example of the fii*st type. This instrument, in common with 
all other transmitters, has a diaphragm D somewhat similar to that 
of the receiver. This is supjx^rted in a rubber ring, and is held In 
place by two damping springs not shown in the cut. Mounted 
upon a light spring S, and resting against the back of the center 
of this diaphragm, is the front electrode, which is a platinum pin. 
Directly back of this piece of platinum, a carbon button B, which 
forms the other electrode, is supported by means of a spring 
(v, so adjusted thiit the carbon button bears lightly against the 
platinum pin. The tendency of the spring S is to press the plati- 
num pin away from the diaphragm ; but this is overcome by the 
stiffer spring C which bears in the opposite direction, and so keeps 
the platinum in contact with the diaphragm. The electrode B is 
mounted in a comparatively heavy socket of brass A. Both 
electrodes can move freely with the vibrations of the diaphragm ; 
but the carbon, on account of the inertia due to the weight of the 
brass socket, moves more slowly than the other. Any vibration 
of the diaphragm will, therefore, result in a variation of the pres- 
sure between the two electrodes, and thus vary the resistance of 
the contact 

The two springs S and C are insulated from each other, and 
the current goes to the contact point by means of one spring and 
leaves by the other. The adjustment of the pressure is effected 
by means of the screw E, which beai-s against the lever L. 

This transmitter is quite satisfactory for lines of moderate 
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length, and is used to some extent at the present time. It is, how- 
ever, somewhat difficult to keep in adjustment, and is not well 
adapted for long-distance work. 

The second type of transmitter mentioned is not much used 
in this country, and a description need not be given. 

The most common form of tmnsmitter, and the one which is 
rapidly replacing all others, is the Runnings or gi-anular carbon 
type. This, as originally planned by its inventor, consists of two 
insulated plates of conducting material which forms the elec- 
trodes of the transmitter, the sjiace between them being filled 
with grdnular carbon. The general form of this instrument is 
shown in Fig. 38. D is the diaphragm of meUil or carbon which 
is clann)ed between the body of the case C and the cap A by 
means of s(*rew8. Another conducting plate B, of metal or 
carbon, is placed in the back of the case, and the space between 
D and B is filled with granular carbon. The conducting plates 

D and B form the electrodes or ter- 
minals of this transmitter. When the 
diaphragm is s2)okcn agamst, it of 
course vibnites, and thus varies the 
pressure upon the numerous contact 
points of the granular carbon througli 
which the current must flow to pass 
from one electrode to the other, and 
thus the resistance is varied as in the 
Blake instrument Larger currents can 
be used with the Ilunnings type of 
transmitter than with other sorts, and 
it has the further advantage of allow 
ing a greater variation of resistance. 

The tmnsmitter which is used 

almost entirely at the present time is 

known as the "solid back," being a 

modification of the Hunnings type just 

^* ' described. The case, which is of metal 

and hollowed out to contain the working parts of the instrument, 

is enclosed by a brass cover, which also carries tlie mouth piece. 

The metal diaphmjjm is supported in a ring of soft rubbe'' 
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attached to the back of the cover. Tlie electrodes are enclosed 
in a metal chamber which is lined with insulating material. 
This electrode chamber is secured by means of a set screw to a 
metal bridge which is attached to the back of the cover by means 
of screws. Both electrodes are of carbon, being in the form 
of discs somewhat smaller in ditameter than the containing cham- 
ber. The space between the electrodes is filled with granular car- 
bon as is also the spice between the circumference of the discs and 
the insulated walls of the chamber. The rear electrode is mounted 
upon a brass disc which is screwed to tlie back of the chamber, 
thereby holding tlie electrode securely in place. This electrode 
being in metallic connection Nvith the containing chamber, is 
in electrical connection, through the bridge and cover, with 
the frame of the transmitter which thus becomes one of the 
tenninals. 

The front electrode is also backed by a brass disc which is 
attached to the mebd diaphragm of the transmitter by means of a 
stud which passes first through a mica washer that serves to en- 
close the electrode chamber, and then through the center of the 
diapliragm. This stud is fitted with two threads, upon one- of 
which is screwed a nut which clamps the mica w'asher to the 
electrode, and upon the otlier two nuts which clamp the electrode 
to the diaphragm. A brass collar, which screws to the penphery 
of the electrode chamber, binds the mica washer securely against 
it Connection is made to the front electrode, which is the 
second terminal, by means of a fine wire brought out to a binding 
post mounted upon an insulated block. 

The vibrations of the diaphragm are communicated directly to 
the front electrode, which thus varies the pressure upon the mass 
of granular carbon and consequently serves to vary the resistance 
Two damping springs rest against the diaphragm, tlius keeping 
the amplitude of its vibrations within reasonable limits, and 
checking tliem as soon as they have performed their part, leaving 
tlie diaphragm ready to obey the impulses due to the succeeding 
sound waves. 

This transmitter operates in a verj'- satisfactory manner; ex- 
cellent contact is made between the carbon electrodes and the 
particles of granular carbon. Packing of the granules is pre- 
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vented on account of the space between the periphery of the 
electrodes and the inner circumference of the chaml)er, which 
contains granules that do not become heated by the passage of 
the current. Hence when the granules between the electrodes 
become heated they can expand into this jHirtion. 

The tnmsmitters of Uiis ty^xj manufactured by different com- 
panies vary slightly in minor details of construction, but all 
operate upon practically the same principles. 

Simple Telephone Circuit. The earliest form of telephone cir- 
cuit consisted simply of two Bell receivers connected in series. 
Tlie one which was being used as a transmitter served as a very 
small generator which sent alternating currents over the line, and 
these acted upon the instrument at Uie other end of the circuit, 
which was, for the time being, used as a receiver. 

After the invention of the carbon transmitter the circuit con- 
sisted of a tmnsmitter and receiver at each end of the line, to- 
gether with the batteries which fumished tlie power, all connected 
in series. This arrangement did not give satisfactory results for 
many reason^*, but the use of Uie induction coil overcame the dif- 
ficulties previously met with. 

A typical circuit with the induction coil is shown in Fig. 39. 
Here T is the transmitter, B the battery, P the primary and S the 
secondary of the induction coil, and R the receiver. The primary 





circuit contains the transmitter, batteries, and primary of the in- 
duction coil, while the secondary circuit contains the receiver and 
secondary coil. When the transmitter at one end of the line is 
spoken into, the resistance of the primaiy circuit is varied, and 
this in turn varies tlie strength of thecun-ent pissing through the 
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primary of the induction coil. Consequently alternating currents 
are induced in tlie secondary coil which pass over the line and act 
upon die receiver at the opposite end. 

The action of tlie induction coil has already been described. 
The coil used in telephone work has a core made of soft iron 
wires. Upon this is wound the primary coil, consisting of a com- 
paratively small number of turns of coarse insulated copper wii-e, 
and outside of this, and carefully insulated from it, is tlie secon- 
dary coil in which are a great many turns of fine insulated copper 
wire. Without the induction coil, it is probable that the long dis- 
tance telephone in its present state of perfection would have been 
impossible. Its use allows the resistance of the circuit in which 
the transmitter acts to be very small ; with the result that the 
efifects of the variations in resistance due to the transmitter are 
compamtively large. This low resistance also permits a larger 
current to flow with a given number of cells of battery. The 
electromotive force of the secondary current is high, thus being 
well adapted to overcome the high resistance of the receivers, 
secondary coils, and line wires. Still another advantage lies in the 
fact that if the transmitter were connected directly in the main 
circuit, its effect would be to cause the cuiTcnt in the line to vary 
in strength but not to change in direction. In other words, the 
current would be undulating but not alternating. However, better 
results are obtained if the current which actuates the receiver be 
an alternating one, and this is of course the nature of the current 
in the secondary of the induction coil. 

Batteries. In telephone work the batteries are required to 
iiimish current for only short periods of time, and the Leclanche 
cell is admirably adapted for the purpose. It requires very 
little attention and will furnish a comparatively large current for 
a short time. Moreover, although these batteries polarize in a 
short time if kept on a closed circuit, they recover very quickly 
when the circuit is opened. 

' The Fuller cell is also used to a considerable extent. In this 
cell the plates are zinc and carbon ; dilute sulphuric acid is the 
excitant, and either bichromate of sodium or bichromate of potas- 
sium may be used as the depolarizer. The zinc is placed in a 
porous cup, in the bottom of which is a small quantity of mercury 
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which serves to amalgamate the surface of the zinc and thus pre- 
vent local action l)etween the zinc and the impurities which it 
contains. This cup is then filled with a solution of sodium chlo- 
ride (or common salt) dissolved in water. In the hattery jar is 
the solution of dilute sulphuric acid and bichromate of sodium or 
potassium. The porous cup is put into the jar, and the carbon 
suspended through an opening in the cover which fits over the 
jar. This cell is excellent for telephone work ; it has a high 
voltage, low internal i*esistance, and does not deteriorate on open 
circuit. 

The gravity battery, already described, and the storage bat- 
tery are used in telephone work when constant service is re- 
quired. Dry cells are also used extensively, particularly in 
intercommunicating sets, cm account of tlieir cleanliness and 
convenience. 

The Magneto-Qenerator. The above-descril)ed equipment 
serves to transmit and receive messages, but it is also necessary 
to supply some sort of calling device. The simplest apparatus for 
this purpose consists of an ordinary l)ell or buzzer operated from 
batteries, and this system is used commonly to-<lay for office sets 
where the distance between stations is small. 

For h)ng distances it is, however, impracticable to use this 
system for calliiig, and n^coui^e is had to the magneto, which is 
descril)ed in another section. This consists of a generator having 
])ermanent field magnets and a shuttle armature which is wound 
with many tunis of fine insulated copjier wire. The armature 
is rotated at high speed by means of a small pinion on its shaft 
which meshes with a larger gear which is turned by means of a 
(H'ank. This machine furnishes an alternating current, and hence 
it is necessaiy to use a ix)larized bell or ringer in connection with 
it, so constructed as to operate with an alternating current 
Magneto-generators are designated by the resistance through 
which they will ring, being spoken of as a 10,000-ohm, 20,000- 
ohm generator, etc. 

At the exchange it is quite common to use a power^riven 
magneto-generator, which may be driven from a small direct or 
alternating current motor. Also in some cases the motor-generator 
is used to supply current for ringing purposes. 
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Circuits of the Telephone. A complete telephone set is made 
up of three distinct circuits: one for the calling apparatus, one 
for the transmitting appamtus, and one for the receiving appa- 
ratus. The calling appiratus includes the generator and ringer, 
the transmitting apparatus consists of the transmitter, batteries, 
and primary, and the receiving apparatus consists of the receiver 
and secondary of the induction coil. 

When th(5 telephone is not in use the calling apparatns must 
he coinu'ctcd witli the line while the tninsmitting and i-eceiving 
circuits aie hotli open. On the otlier hand, when tlie telephone 
is used for tjdking, the calling circuit should Ini opened, the trans- 
mitting circuit should be closed, 
and the receiving circuit should be 
connected to the line. These re- 
sults are accomplished automati- 
cally by means of the switch-hook 
upon which the receiver is hung. 
This liook is depressed when the 
receiver is iu {)hi(!e, and 7'aise<l by a 
spring when it is removed. In this 
manner the desired connections are 
made at the pro|)er time. 

There ai-e two types of tele- 
phone, differing somewhat in the 
detiiils of tlh^ir construction and 
connections, known as the series 
telephone and the bridgc^d UAe- 
phone. 

The circuits of a series tcdeplume are shown in Fig. 40. A 
and B are th(^ line tc^rminals, and C the ground connection for 
the lightning arrester. When the receiver is on the liook tlie 
switch is in tiie positicm shown. 'Jlie generator (f and ringer D 
are in series across the line, through contact point 1, the gen- 
erator being automatically cut out by the shunt E, when not in 
use. When the receiver is removed, the contact at 1 is broken, 
and c(mtact is made at iK)ints 2 and 3. The primary circuit is 
then closed on itself w^hile the secondary circuit, contjiining the 
receiver and secondary of the induction coil, is cut in on the line. 
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Below there are three pairs of binding posts, to one pair of 
which the receiver R is connected, to another are connected the 
terminals of the primary circuit contiiining the transmitter T, the 
battery B, and primary P of the induction coil, while the second- 
ary S of the induction coil is connected to the third pair. 

Connection is made to the bell through the hinges of the 
box upon the door of which it is mounted. It is customary to 
use a ringer of 80 to 120 olnns resistance with series telephones. 
On account of this low resistance many series telephones cannot 
be bridged because it would be impossible to ring a numbei of 
them in multiple. Moreover, many series telephones could not 

be connected in series, because, 
since all the ringei-s would be con- 
stantly in the circuit, it would be 
impossible to talk through them. 
n|G|Jj|r ^ Hence tliis type of telephone is 

^ II II p J ^ T used almost exclusively for city ex- 
change work, not more than two 
telephones being connected on a 
line. 

The circuits of the bridged tel- 
ephone are shown in Fig. 41. The 
ringer coils are permanently bridged 
across the line. The generator is 
also bridged, the circuit through it 
being open when it is not in use, 
but being closed, usually automati- 
cally, when the generator is in oper- 
ation. When the receiver is taken from the hook, contact is 
made at points 1 and 2 for the primarv and secondary circuits as 
in the series telephone. 

The permanently bridged ringer does not interfere with the 
action of the receiving circuit, since its coils have a resistance of 
about 1600 ohms, and are wound so that their self-induction is 
large. Thus they offer a high impedance to the currents in the 
receiving circuit because of the extreme rapidity Avith which they 
alternate. For this reason a number of these telephones can be 
bridged upon one circuit, thus forming a party line. 
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There are three general methods of constructing lines, namely, 
the grounded circuit, the metallic circuit, and the common return. 
In the common return the circuit is completed through a copper 
wire instead of through the ground as in the grounded system, 
thus eliminating the noise induced by earth currents. 
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Electromotive Force. When a diflFerence of electrical poten- 
tial exists between two points, there is said to exist an electro- 
motive forcej or tendency to cause a cnrrent to flow from one point 
to the other. In the voltaic cell one j)late is at a different potential 
from the other, which gives rise to an eh^ctromotive force between 
them. Also in the induction coil, an electromotive force is created 
in the secondary circuit caused by the action of the primary. This 
electromotive force is analogous to the pressure^ caused by a dif- 
ference in level of two l)odies of water connected by a pipe. The 
pressure tends to force the water through the pipe, and the 
electromotive force tends to cause an electric (current to flow. 

The terms pot^nitial difference and electromotive force are 
commonly used with the same meaning, but strictly speaking the 
potential difference gives rise to the electromotive force. Electro- 
motive force is commonly designated by the letters U. M. F, or 
simply U. It is also referred to as pressure or voltage. 

Current. A current of electricity flows when two points, at 
a difference of potential, are connected by a wire, or when the 
circuit is otherwise completed. Similarly water flows from a high 
level to a lower one, when a path is provided. In either case the 
flow can take place only when the path exists. Hence to produce 
a current it is necessary to have an electromotive force and a closed 
circuit. The current continues to flow only as long as the electro- 
motive force and closed circuit exist. 

The strength of a current in a conductor is defined as the 
^antity of electricity which passes any point in the circuit in a 
unit of time. 

Current is sometimes designated by the letter C, but the 
letter /will be used for current throughout this and following 
sections. The latter symbol was recommended by the Interna- 
tional Electrical Congress held at Chicago in 1898, and has since 
been universally adopted. 
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Resistance. Resistance is that property of matter in virtue 
of which bodies oppose or resist the free flow of electricity. Water 
passes with difficulty through a small pipe of great length or 
through a pipe filled with stones or sand, but very readily through 
a large clear pipe of short length. Likewise a small wire of con- 
siderable length and made of poor conducting material offers great 
resistance to the passage of electricity, but a good conductor of 
st jrt length and large cross section ofiEers very little resistance- 
Resistance is designated by the letter iJ. 

Volt, Ampere and Ohm. The volt is the practical unit of 
electromotive force. 

The ampere is the practical unit of current. 

The ohm is the practical unit of resistance. The microhm ia 
one millionth of an ohm and the megohm is one million ohms. 

The standard values of the above units were very accurately 
determined by the International Electrical Congress in 1893, and 
are as follows : 

The International ohm, or true ohm, as nearly as known, is 
the resistance of a uniform column of mercury 106.3 centimeters 
long and 14.4521 grams in mass, at the temperature of melting 
ice. 

The ampere is the strength of current which, when passed 
through a solution of silver nitrate, under suitable conditions, 
deposits silver at the rate of .001118 gram per second. Current 
strength may be very accurately determined by electrolysis, and 
it is used therefore in determining the standard unit. 

The volt is equal to tlie E. M. F. which, when applied to a 
conductor having a resistance of one ohm, will produce in it a 
current of one ampere. One volt equals \\^\ of the E. M. F, of 
a Clark standard cell at 15^ Centigrade. 

RB5ISTANCB. 

All substances resist the passage of electricity, but the resist- 
ance offered by some is very much greater than that offered by 
others. Metals have by far the least resistance and of these^ silver 
possesses the least of any. In other words, silver is the best con- 
ductor. If the temperature remains the same, the resistance of a 
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conductor is not affected by the cuirent passing through it. A 
current of ten, twenty or any number of amperes may pass through 
a circuit, but its resistance will be unchanged with constant tem- 
perature. Resistance is affected by the temperature and also by 
the degree of hai*dne8s. Annealing decreases the resistance of a 
metal. 

Conductance is the inverse of resistance ; that is, if a conduc- 
tor has a resistance of R ohms, its conductance is equal to -^. 

Resistance Proportional to Len^^th. The resistance of a 
conductor is directly proportional to its length. Hence, if the 
length of a conductor is doubled, the resistance is doubled, or if 
the length is divided, say into three equal parts, then the resist- 
ance of each part is one third the total resistance. 

Example. — The resistance of 1288 feet of a certain wire is 
6.9 ohms. What is the i-esistance of 142 feet of the same wire ? 

Solution. — ^ As the resistance is directly proportional to the 
length we have the proportion, 

required resistance : 6.9 : : 142 : 1288 
required resistance _ 142 



or, 



6.9 1283 

142 



Hence, required resistance = 6.9 X 



1288 
= .76 ohm (approx.) 

Ans. .76 ohm. 

Example. — The resistance of a wire having a length of 521 
feet is .11 ohm. What length of the same wire will have a 
resistance of .18 ohm? 

Solution. — As the resistance is proportional to length, we 
have the proportion, 

required length : 521 : : .18 : .11 
required length .18 



or, 



521 .11 



18 
Hence, required length = 521 X ^ 



^ 852 feet (approx.) 

Ans. 852 feet. 
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Resistance Inversely Proportional to Cross-Section. The 

resistance of a conductor is inversely proportional to its cross-sec- 

tional area. Hence the greater tlie cross-section of a wire the less 

is its resistiinee. Thei-efore, if two wires have the same length, 

but one has a cross-section three times that of the other, the 

resistance of the former is one-thiid tliiit of the latter. 

Example. — Tlie ratio of the cross-sectional area of one wire 

257 
to that of another of the same length and material is - . The 

resistance of the former is 16.3 ohms. What is the resistance of 
the latter ? 

Solution. — As the resistances are inversely proportional to 
the cross-sections, the smaller wire has the greater resistance, and 
we have the proportion : 

required resist. : 16.3 : : 267 : 101 

required resist. 257 

■ i"6":3 101 

267 
Hence, required resist. = 16.3 X — ^ 

= 41.6 ohms (approx.) 

Ans. 41.6 ohms. 

Example. — If the resistance of a wire of a certain length 

and having a cross-sectional area of .0083 square inch is 1.7 ohms, 

what would be its resistance if the area of its cross-section were 

.092 square inch? 

Solution. — Since increasing the cross-sectional area of a wire 
decreases its resistance, we have the proportion, 

required resist. : 1.7 : : .0083 : .092 
required resist. .0083 



or, 



or. 



1.7 .09:^ 

0088 



Hence, required resist. = 1.7 X 



.092 
= .16 ohm (approx.) 

Ans. .15 ohm. 
As the area of a circle is proportional to the square of its 
diameter, it follows that the resistances of round conductors are 
inversely proportional to the squares of their diameters. 

Example. — The resistance of a certain wire having a diam. 
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eter of .1 inch is 12.6 ohms. What would be its resistance if the 
diameter were increased to .32 inch ? 

Solution. — The resistances l)eing inversely proportional to 
the squares of the diameters, we have, 

required resist. : 12.G : : .l^ : .322 



or. 



required resist. _ .1^ 
12:6 "7322' 



12 

Hence, required resist. = 12.6 x i,^^- 

_ 12.6 X .01 
.1024"^ 
=1.23 ohms (approx.) 

Ans. 1.23 ohms. 
Specific Resistance. The specific resistance of a substance 
is the resistance of a portion of that substance of imit length and 
unit cross-section at a standard temperature. The unit commonly 
used is the centimeter or inch, and the temperature tlial of melting 
ice. The specific resistance may therefore be said to Ik? the 
resistance (usually stated in microhms) of a centimeter cube or 
inch cube at the temperature of melting ice. If the specific 
resistances of two substances are known then their relative resist- 
ance is given by the ratio of the specific resistances. 

Conductivity is the reciprocal of specific resistiince. 
Example. — A certain copper wire at the temperature of 
melting ice has a resistance of 29.7 ohms. Its specific resistance 
(resistance of 1 centimeter cube in microhms) is 1.694, and that of 
platinum is 9.032. What would be the resistance of a platinum 
wire of the same size and length of the copper wire, and at the 
same temperature ? 

Solution. — The resistance would be in direct ratio of the 
specific resistances, and we have the proportion : 

required resist. : 29J : : 9.032 : 1.594 

Hence, required resist. = 29.7 X *^-- — 

= 168. ohms (approx.) 

Ans. 168. ohms. 

Calculation of Resistance. From the preceding pages it is 

evident that resistance varies directly as the lengthy inversely as 
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the crosfr«ectionaI area, and depends upon the si)ecific resistance 
of the materiaL This may be expressed conveniently by the 
[ormula, 

A 

in which B is the resistance, L the length of the conductor, A the 
area of its cross section, and s the specific resistance of the 
material. 

Example. — A telegraph relay is wound with 1,800 feet of 
wire .010 inch in diameter, tu>d has a resistance of 150 ohms. 
What will be its resistance if wound with 400 feet of wire .022 
inch in diameter? 

Solution. — If the wires were of equal length, we should 
have the proportion. 

Required resistance : 150 : : (.010)* : (.022)' 

or, Required resistance = 150 X y-ruuAi = 30.99+ ohms. 

For a wire 400 feet long, we have, therefore, by direct proportion, 

Required resistance = .r-Q7r..X 30.99 = 6.88+. 

Ans. 6.88+ ohms. 

If a circuit is made up of several different materials joined in 
series with each other, the resistance of the circuit is equal to the 
sum of the resistances 6f its several parts. In calculating the 
resistance of such a circuit, the resistance of each part should first 
l)e calculated, and the sum of these resistances will be the total 
resistance of the circuit. 

The table on page 9 gives the resistance of chemically pure 
substances at 0° Centigi-ade or 32*^ Fahrenheit in International 
ohms. The first column of numbers gives the relative resistances 
when that of annealed silver is taken as unity. For example, mer- 
cury has 62.73 times the resistance of annealed silver. The 
second and third columns give the resistances of a foot of wire 
.001 inch in diameter, and of a meter of wire 1 millimeter in 
diameter, respectively. The fourth and fifth columns give 
respectively the resistance in microhms of a cubic inch and cubic 
centimeter, that is, the specifiQ resistances* 
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Table Showing Relative ResiAtance af Chemically Pure Subatancea at 
Thirtytwo Degreea Fahrenheit in International Ohma. 





BeUtiT6 
BesistMice. 


BmUtonoe 
of .wire 

1 toot long. 

.001 Inch in 
diuneter. 


BesUtMice 

of .wire 

1 meter long, 

1 milltmeter 


BesUtance in 
Mierohma. 


Metal. 


Coble 
Inch. 


Cubic Cen- 
timeter. 


Silver, annealed. 


1.000 


9.023 


.01911 


.5904 


1.500 


Copper, annealed. 


1.063 


9.585 


.02028 


.6274 


1.594 


Silver, hard drawn. 


1.086 


9.802 


.02074 


.6415 


1.629 


Copper, hard drawn. 


1.086 


9.803 


.02075 


.6415 


1.629 


Gold, annealed. 


1.369 


12.35 


.02613 


.8079 


2.052 


Gold, hard drawn. 


1.393 


12.56 


.02661 


.8224 


2.088 


Aluminum, annealed 


1.935 


17.48 


.03700 


1.144 


2.904 


Zinc, pressed. 


3.741 


33.76 


.07143 


2.209 


5.610 


Platinum, annealed. 


6.022 


54.34 


.1150 


3.555 


9.032 


Iron, annealed. 


6.460 


58.29 


.1234 


3.814 


9.689 


Lead, pressed. 


13.05 


117.7 


.2491 


7.706 


19.58 


German silver. 


13.92 


125.5 


.2659 


8.217 


20.87 


Platinum-silver alloy 












{\ platinum, f silver.) 
Mercury. 


16.21 
62.73 


146.3 
570.7 


.3097 
1.208 


9.576 
37.05 


24.32 
94.06 



It should be noted that the resistances in the above table are 
for chemically pure substances, and also at 82° Fahrenheit. A 
veiy small portion of foreign matter mixed with a metal greatly 
increases its resistance. An alloy of two or more metals always 
has a higher specific resistance than that of any of its constituents. 
For example, the conductivity of silver mixed with 1.2 per cent 
in volume of gold, will be 59 when that of pure silver is taken as 
100. Annealing reduces the resistance of metals. 

The following examples are given to illustrate the use of the 
table above in connection with the formula at the top of page 8, 
and to show the application of preceding laws. 

Example. — From the specific resistance of annealed alu- 
minum as given in the next to the last column of the table, 
calculate the resistance given in the second column of figures for 
that substance. 

Solution. — The resistance in miorohms of a cubic inch of 
annealed aluminum at 32° F. is 1.144, which is equal to 
,000001144 ohms. The resistance ot a wire 1 foot long and .001 
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incli in diameter is required. In the formula on page 8, we 
have 8 = .000001144, L = l foot = 12 inches and 

^^^^ 3.1410 X. 001' ^ .0000007854 sq. in. 
4 4 

Substituting these values in the formula, 
L 



we liave, 



A 



R = .000001144 X .-- --.y- -_j 
.0000007854 



= 17.48 ohms. Ans. 17.48 ohms. 

Example. — The resisUnce in microhms of a cubic centimeter 
of annealed platinum at 32° F. is 9.032. What is the resistance 
of a wire of the same substance one meter long and one millimeter 
in diameter at the same temperature ? 

Solution. — In the formula for resistance we have the quan- 
tities « ~ 0.032 microhms = .000009032 ohms ; Z = 1 meter =: 
100 centimeters ; and 

. 7rd2 3.1416X.12 nn7eKi 

^ = = d = .0078t>4 sq. cm. 

4 4 

the diameter being equal to 1 millimeter = .1 cm. 
Substituting these values we have, 

R = .000009032 X -^^^ 
.007854 

= .1150 ohms. Ans. .115 ohms. 

Example. — From the table the resistance of 1 ft. of pure 
annealed silver wire .001 inch in diameter at 32° F. is 9.023 
ohms. What is the resistance of a mile of mre of the same sub- 
stance .1 inch in diameter at that temperature? 

Solution. — As the resistance of wires is directly proportional 
to their length and inversely proportional to the squares of their 
diameters, the required resisttmce is found by multiplying the 
resistance i)er foot by 5,280 and the product by the inverse 
squares of the diameters. 

Therefore R = 9.023 X 5280 X j --- I ^ 

=? 4.76 ohms (approx.) 

Ans. 4.76 ohms. 



70 " Digitized by VrrOOQlC 



f HE kLECTRfc CUiiRENt. ll 

Example. — A mile and one-half of an annealed wire of pure 
jti'on has a resistance ot 46.1 ohms. What would be the resist- 
ance of hard drawn wire of pure copper of the same length and 
diameter, assiiiniiig each to be at the temperature of melting ice.^ 

Solution. — The only factor involved by tliis example is the 
relative resistance of the two metals. From the table, page 9. 
annealed iron has 6.460 and liard-drawn copper 1.086 times the 
resistance of annealed silver. Hence the resistance of the copper 
IS to that of the iron as 1.086 is to 6.460, and the required resist- 
ance is 

iJ= 40.1 X ~— 5 = 7.75 ohms (approx.) 
6.460 ^ *^ ^ 

Ans. 7.75 ohms. 

Example. — If the resistance of a wire 7,423 feet long is 
18.7 ohms, what would be its resistance if its length were reduced 
to 6,253 feet and its cross-sectior ^lade one half again as large ? 

Solution. — As resistance ^ directly proportional to the 
length, and inversely proportional to the area of the cross-section, 
the recpiired resistance is 

72 = 18.7 X 51^ X 1= ^^'^ ^^'^^^ (approx.) 

Ans. 10.5 ohms. 
Resistance Affected by Heatins:. The resistance of metals 
depends upon tlie temperature, and the resistance is increased by 
heating. The heating of some substances, among which is carbon, 
causes a decrease in their resistance. The resistance of the 
filament of an incandescent lamp when lighted is only about half 
as great as when cold. All metals^ however, have their resistance 
increased by a rise in tenipei-ature. The percenttige increase in 
resistan(;e with rise of temperature varies with the different 
metals, and varies slightly for the same metal at different tem- 
peratures. The increfise is practically uniform for most metals 
throughout a considerable range of temperature. The resistance 
of copper increases about .4 per cent, per degree Centigrade, oi 
about .22 per cent, per degree Fahrenheit. The percentage 
increase in resistance for alloys is much less than for the simple 
metiils. Standard resistiince cf)ils are therefore made of alloys, as 
it is desirable that their resistaiue should be as nearly constant ajs 
possible* 
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The change in resistance of one ohm per degree lise in tem- 
perature for a substance is called the temperature coefficient for 
that substance. The following table gives the tempeiuture coeflS- 
cients for a few substances. 

TEHPERATURE COEFFICIENTS. 



■ 


BUB IN B. OP 1 OHM WHBM HBATBDt 


MATBUAL. 


1»P. 


JO ('.. 


Platinoid 


.00012 


.00022 


Platinum-silver 


.00014 


.00025 


German silver 


.00022 


.00040 


Platinum 


.0019 


.0035 


Silver 


.0021 


.0038 


Copper, aluminnm 


.0022 


.0040 


Iron 


.0026 


.0046 



If the resistance of a conductor at a certain temperature is 
known, the resistance the conductor will have at a higher tem- 
perature may be found by multiplying the temperature coeflicient 
for the substance, by the number of degrees increase and by the 
resistance at the lower tem{)erature, and adding to this I'esult the 
resistance at the lower temperature. The product of the temper- 
ature coefficient by the number of degrees increase gives the in- 
crease in resistance of one ohm througli that number of degrees, 
and multiplying this by the number of ohms gives the increase in 
resistance for the conductor. The result obtjiined is practically 
correct for moderate ranges of temperature. 

The above method of calculating the resistance of conductors 
at increased temperatures is conveniently expressed by the follow- 
ing formula : 

TJa = iJi (1 + a 
where iZj is the resistance at the higher temperature, B^ that at 
the lower temperature, a the temperature coefficient for the sub- 
stance and t the number of degrees change. 

From the preceeding formula it follows that if the resistance 
at the higher temperature is known, that at the lower temperature 
will be given by the formula : 



J2i = 



1 + at 
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In calculating resistances at different temperatures, the tem- 
perature coefficient based on the Fahrenheit scale should be used 
if the number of degrees change is given in degrees Fahrenheit, 
and that based on the Centigrade bcale if given in degrees 
Centigrade. 

Example. — The resistance of a coil of German silver wire at 
12*^ C. is 1304 ohms. What would be its resistance at a temper- 
ature of 60° C? 

Solution. — From the statement of the example E^ == 1304, 
e = 60 — 12 = 48, and from the table page 12, a = .0004. 
Substituting these values in the first of the preceding formulas we 
have, 

B^ = 1804 (1 + .0004 X 48) 
= 1304 X 1.0192 
S3 1329 ohms (approx.) 

Ans. 1329 ohms. 
Example. — If the resistance of a copper conductor at 95** F. 
IS 48.2 ohms, what would be the resistance of the same conductor 
at iO° F.? 

Solution. — In this case B^ = 48.2, « = 95 — 40 = 56, 
and from the table a = .0022. Substituting these values in the 
formula at the foot of page 12, we have, 

B = 48.2 _ 48.2 

^ 1 + .0022 X 55 1.121 
= 43. ohms (approx.) 

Ans. 43 ohms. 
The first table on page 14 gives the resistance of the most 
common sizes of copper wire according to the American or Brown 
and Sbarpe (B. & S.) gauge. The resistance given is for pure 
copper wire at a temperature of TS"" F. or 24'' C. 

The first column gives the number of the wire, the second 
the diameter in thousandths of an inch or mils, and the third the 
diameter in millimeters. The fourth column gives the equivalent 
number of wii*es each one mil or one thousandth of an inch in 
diameter. This is called the size of the wire in circular mils and 
is equal to the square of the diameter in mils. The fifth column 
gives the ohms per thousand feet and the resistance per mile is 
found by multiplying these values by 5.28. Ordinarj' commercial 
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copper lias a conductivity of about 95 to 97 per cent, of that of 
pure copper. The resistsince of commercial wire is therefore alx)ut 
8 to 5 per cent, greater than the values given in the table. The 
resistance for any metal other than copper may l)e found by mul- 
tiplying the resistance given in the table by the ratio of the spec- 
ific resistance of the given metal to the specific resistance of 
copper. 

American Wire Gauge (B. & 5.) 



No. 


Diameter in 


Circular 
Mils. 


Ohms 
loSopt. 


No. 


Diameter in 


Circular 
Mils. 


Ohms 


MUb. 


MiUim. 


MUs. 


Millim. 


loffpt. 


0000 


460.00 


11.684 


211600.0 


.051 


19 


35.89 


.912 


1288.0 


8.617 


000 


400.64 


10.406 


167805.0 


.064 


20 


31.96 


.812 


1021.6 


10.666 


00 


864.80 


9.266 


138079.4 


.081 


21 


28.46 


.723 


810.1 


13.828 




824.05 


8.254 


105692.5 


AOi 


22 


25.85 


.644 


642.7 


16.799 




289.30 


7JM8 


83694.2 


.129 


28 


22.57 


.578 


609.5 


21.186 




257.63 


6.544 


66378.0 


.168 


24 


20.10 


.511 


404.0 


26.713 




229.42 


5.827 


52634.0 


.205 


26 


17.90 


.466 


820.4 


83.684 




204.81 


5.189 


41742.0 


.260 


26 


16.94 


.406 


254.0 


42.477 




181.94 


4.621 


83102.0 


.326 


27 


14.19 


.361 


201.6 


63.563 




162.02 


4.115 


26250 JS 


.411 


28 


12.64 


.321 


169.8 


67.642 




144.28 


3.666 


20816.0 


.519 


29 


11.26 


.286 


126.7 


85.170 




128.49 


3.264 


16609.0 


.664 


80 


10.03 


.255 


100.5 


107.891 




114.43 


2.907 


13094.0 


.824 


81 


8.93 


.227 


79.7 


135.402 




101.89 


2.588 


10381.0 


1.040 


32 


7.96 


.202 


68.2 


170.766 




90.74 


2.805 


8234.0 


1.311 


33 


7.08 


.180 


60.1 


215.812 




80.81 


2.053 


6529.9 


1.653 


84 


6.30 


.160 


89.7 


271.583 




71.96 


1.828 


6178.4 


2.084 


35 


6.61 


.143 


81.6 


842.448 




64.08 


1.628 


4106.8 


2.628 


56 


6.00 


.127 


25.0 


431.712 


15 


67.07 


1.450 


3256.7 


3.314 


37 


4.46 


.113 


19.8 


644.287 


16 


60.F2 


1.291 


2582.9 


4.179 


38 


3.96 


.101 


15.7 


686.611 


17 


45.26 


1.160 


9048.2 


6.269 


39 


8.53 


.090 


12.5 


865.046 


18 


40.30 


1.024 


1624.1 


6.646 


40 


3.14 


.080 


9.9 


1091.866 



The following table gives tlie size of the English or Birming- 
ham wire gauge. The B. & S. is however much more frec^uently 
used in this country. The Brown and Shai-pe gauge is a little 
amaller than tlie Birmingham for corresponding numbers. 



Stubs' or Birminsriiam Wire Gauge (B. W. G.) 



Mo. 



0000 
00 

1 

4 

6 



Diameter iu 



Milo. 



464 

380 
300 
238 
203 



Millim. 



11.63 

9.66 
7.62 
6.04 
5.16 



No. 



8 
10 
12 
14 
16 



Diameter iu 



Mils. 



165 
134 
109 

83 
65 



Millim. 



4.19 

3.40 
2.77 
2.11 
1.65 





Diameter in 


No. 


, 




Mill!. 


Millim. 


18 


49 


1.24 


UO 


35 


0.89 


24 


22 


0.55 


30 


12 


0.31 


36 


4 


0.10 
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EXAHPLES FOR PRACTICE. 

1. What is the resistance of an annealed silver wire 90 feet 
long and .2 inch in diameter at 32° F.? Ans. .02+ ohm. 

2. What is the resistance of 300 meters of annealed iron 
wire 4 millimetei-s in diameter when at a temperature of 0° C? 

Ans. 2.31-}- ohms. 

3. What i* the vwstance of 2 miles of No. 27 (B. & S.) pure 
copper wire at 75° F.? Ans. 565.+ ohms. 

4. The resistance of a piece of copper wire at 32°F. is 3 
ohms. What is its resistance at 49°F.? Ans. 3.11+ ohms. 

5. The resistance of a copper wire at 52°F. is 7 ohms. 
What is its resistance at 32°F.? Ans. 6.70+ ohms. 

6. What is the resistance of 496 ft. of No. 10 (B. & S.) 
pure copper wire at 45°F.? Ans. .483+ ohms. 

On pages 16 and 17 is given a table disclosing among other 
data the resistance of various primary cells. The resistance of a 
circuit of which a battery forms a part, is made up of the external 
resistance, or the resistance of outside wires and connections, and 
the internal resistance, or the resistance of the battery itself. 
The table referred to gives in the firat column the name of the 
cell. In the second and third column a^^pears the name of the 
anode and kathode respectively. These terms are commonly 
used with reference to electroh'^sis but may also be applied to 
primary cells. The current passes ^"om the anode to the kathode 
through the cell, and therefore wi *i refeience to the cell itself, 
the anode may be considered the positive element and the kath- 
ode the negative element. In regard to the outside circuit how- 
ever, the current passes of course, from the kathode to the anode, 
and hence with reference to the outside circuit the kathode is 
positive and the anode negative ; ordinarily the external circuit 
is considered. As the anode of almost all primary cells is zinc it 
may readily be remembered that the current pjisses from the other 
element to the zinc through the external circuit. The fourth and 
fifth columns of the table give the excitant and depolarizer respec 
tively. The sixth column gives the E. M. F. of each cell when it 
is supplying no current* and the last column gives the internal 
resistance in ohms. 
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TABLE IN RELATION TO PRIHARY CELLS. ELECTRO' 
nOTIVE FORCE. RESISTANCE. ETC. 



NAMB 

OF 
CULL. 



DKPOLAEISBB. 



■. M. F. 

IK 
YOLTB. 



IlTTBEHAij 

RB8MT- 

AHCB IN 

OHMB. 



Volta 

(WollEB- 

ton, etc.) 



Smee 



Law 



Poggen- 

dorfr 
(Qrenet) 

Poggen- 

dorff 
(Qrenet) 
two fluid 



Grove 
Banaen 

Leclanche 

Lalande 
Lalande— 
Chaperon 

Upward 

Pitch 

Papst 



Ohach 

(dry) 

Daniell 
(Meidin- 
ger Min- 
otto, etc.) 

^e la Bue 



Marie 
Davy 

Olark 
■standard) 

Weston 



Zinc 
Zinc 
Zinc 
Zinc 

Zinc 

Zinc 
Zinc 

Zinc 

Zinc 

Zinc 
Zinc 

Iron 

Zinc 

Zinc 

Zinc 

Zinc 

Zinc 

Cadmium 



Copper 



Platinized 
Silver 



Carbon 



Graphite 
(Carbon) 



Graphite 
(Carbon) 



Platinum 



Graphite 
(Carbon) 

Graphite 
(Carbon) 



Graphite 
(Carbon) 

Graphite 
(Carbon) 

Graphite 
(Carbon) 

Graphite 
(Carbon) 



Graphite 
(Carbon) 



Copper 
Silver 



Graphite 
(Carbon) 



Mercnry 
Mercury 



Solntion of 

Sulphuric A.cid 

(H,804) 

Solution of 

Sulphuric Acid 

(H, SO,) 

Solution of 

Sulphuric Acid 

(H, SOJ 

Solution of 

Sulphuric Acid 

(H, SO,) 

Saturated Solu- 
tion of Potas- 
Bium Dichro- 
mate and 

Sulphuric Acid 

Sulphuric Acid 
dilute (H, SO«) 

Sulphuric Acid 
dilute (H,SO«) 

Ammonium 
Chloride 
(NH4 Cb 

CauBtio Potash 

or Potassium 
Hydrate (KOH) 

Zinc Chloride 
(ZnCl,) 

Ammonium 
Chloride 
(NH4 CI) 

Ferric Chloride 
(Fe, CI.) 

Ammonium 

Chloride 
(NH4 CI) in 
Calcium Sul- 
phate (CaSO,) 

Zinc Sulphate 
(Zn S6«) 

Ammonium 
Chloride 

Sulphuric Acid 
dilute (H, SO«} 

Zinc Sulphate 
(ZnSoJ 

Cadmium Sul- 
phate (CdSO«) 



None 



None 



None 



Potassium 
Dichromate 
(K, Cr. 0,> 



None 
Separate 



Nitric Acid 
(HNO3) 

Nitric Aci d 
Chromic Acid 



Manganese 
Dioxide 
(MnO,) 



Cupric Oxide 



Chlorine (CI) 

Sodium & Potas- 
sium Chlorates 
(Na CIO3 + 
K CIO.) 

(Pe.Cl.) 



Manganese 
Dioxide 
(MnO.) 



Copper Sul- 
phate (Cu SO«) 

Silver Chloride 
(AgCl) 

Paste of Sulph- 
ate of Mercury 
(Hg. SO4) 

Mercurous Sul- 
phate (Hg,SO«) 

Mercurous Sul- 
phate (Hg, SO«) 



1 to 0.5 



LtoOJS 



ItoOJi 



2.1 



1.08 



1.96 
1.8 to 1.98 



•^ 



1.8 



1.4 to 1.6 



0.8 to 0.98 



2.0 



0.4 



1.46 



1.03 to 
1.42 



1.62 

1.484* 
1.025 



.001 to .08 



0.1 to 0.12 



1.18 to 1. It 



1.8 



2toS 
0.4 to OJ 

0.75 to 1 

OJtoOJI 



7d 
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VAICB 

OF 



Von 
Helmholtz 



Chromic 
Acid 
single 
fluid 

Falter 
Q«ilfe 

Mtticlie 
Niaadet 



SchanB- 
chietf 



Skrivanoff 



Zino 



Zinc 



Zino 



Zino 

Zino 

scraps in 

bath of 

Mercnry 



Zino 

Zino 
Zino 



Mercury 



Graphite 
(Carbon) 



Graphite 
(Carbon) 



Silver 



Platinized 
Carbon 



Graphite 
(Carbon) 



Gf'aphite 
(Carbon) 



BiWer 



DBPOLABXBBR. 



B. M. r. 

IM 

VOLTS. 



Zinc Chloride 
(ZnCl,) 



Sulphuric and 
Chromic Acids, 
dilute mixed 



Sulphurio ACid 
(U.SOJ 

Zinc Chloride 
(Zn Cl,i 

Common Salt 
Solution {. «. 
Sodium Chlo- 
ride (NaCl) 

Common Salt 
Solution {. 0. 
Sodium Chlo- 
ride (NaCl) 

Mercurial 
Solution 

Caustic Potash 

or Potassium 
Hydrate (KOH) 



Mercuroos 
Chloride 
(Hg. 010 

None 
Separata 

Potassium 
Dichromate 
(K.Or.O,) 

Silver Chloride 
(AgCl) 

None 
Separate 

Chloride of 
Calcium 
(Lime) 
(CaCl.) 

None 
Separate 

Chloride of 
Silver 
(AgCl) 



1.0 to 1.6 

1JS6 
1^ 



ANQB Iir 
OBMB. 



JSUtOM 

MioOa 
Icot 

6io« 
0.06 to 0.19 



* At 15 degree^ Centigrade or 60 degrees Fahrenheit. 

Resistances in last column measured in cells standing 6" X 4" 

OHH'S LAW, 

One of the most important and moat used laws of electri- 
city is that first formulated by Dr. 6. S. Ohm, and known as 
Ohm*s law. This law is as follows : 

2 he current is directly proportional to the electromotive force 
and inversely proportional to the resistance. 

That is, if the electromotive force applied to a circuit is in- 
creased, the current will be increased in the same proportion, and 
if the resistance of a circuit is increased then the current will be 
decreased proportionally. Likewise a decrease in the electromotive 
force causes a proportional decrease in current and a decrease in 
resistance causes a proportional increase in current. The current 
depends only upon the electromotive force and resistance and in 
the manner expressed by the above simple law. The Hw may be 
expressed algebraically as follows : 

el*»ctroinotive force 



current vanes as 



n 



resistance 



Digitized by 



Google 



18 THE ELECTRIC CURRENT. 

The tmits of these quantities, the ampere, volt and ohm, have 
been so chosen that an electix)motiye force of 1 volt applied to a 
resistance of 1 ohm, causes 1 ampere of current to flow. Ohm's 
law may therefore be expressed by the following equation: 

^ s 

where /is the current in amperes, E the eleotromotiTe force in 
volts and R the resistance in ohms. 

It is therefore evident, that if the electromotive force and 
resistance are known the current may be found, or if any two of 
the three quantities are known the third may be found. If the 
current and resistance are known the electromotive force may be 
foimd from the formula: 

B=RI 
and if the current and electromotive force are knowut the resist* 
ance may be found from the formula: 

Simple Applications. The following examples are given to 
illtistrate the simplest applications of Ohm's law. 

Example. — If the E.M.F. applied to a circuit is 4 volts and 
its resistance is 2 ohms, what current will flow? 

Solution. — By the formula for current, 

/- ^--|.= 2 ampeies. 

Ans. 2 amperes. 
Example.— * What voltage is necessary to cause a current of 
28 amperes to flow through a resistance of 820 ohmsf 
Solution. — By the formula for E.M.F., 

B = RI— 820 X 28 = 18,860 volte. 

Ans. 18,860 volts. 
Example. — The E.M.F. applied to a circuit is 110 volts, and 
it is desired to obtain a eurrent of .6 ampere. What should be 
the resistance of the circuit? 

Solution. — By the formula for resistance, 

-8= ^=5 V^ = 188.+ ohms. 

18S. 
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Series Circuits. A circuit made up of several parts all 
joined in series with each other, is called a series circuit and the 
resistance of the entire circuit is of course the sum of the separate 
resistances. In calculating the current in such a circuit the 
total resistance must first be obtained, and the current may then 
be found by dividing the applied or total E.M.F. by the total 
resistance. This is expressed by the formula, 

j= I 

^1 + ^a + ^8 + ®*^- 
Example. — Three resistance coils are connected in series with 
each other and have a resistance of 8, 4 and 17 ohms respectively. 
What current will flow if the E.M.F. of the circuit is 54 volts? 

Solution. — By the preceding formula, 

Ans. 1.8-|- amperes. 

Example. — Six arc lamps, each having a resistance of 5 
ohms, are connected in series with each other and the resistance 
of the connecting wires and other apparatus is 3.7 ohms. What 
must be the pressure of the circuit to give a desired current of 9.6 
amperes ? 

Solution. — The total resistance of the circuit is 72 = (6 X 5) 
-{- 8.7 = 33.7 ohms and the current is to be J = 9.6 amperes* 
Hence by the formula for E.M.F., 

E= R 7= 33.7 X 9.6 = 823.+ volts. 

Ans. 323.+ volts. 

Example. — The current passing in a certain circuit was 12 
amperes and the E.M.F. was 743 volts. The circuit was made up 
of 4 sections all connected in series, and the resistance of three 
sections was 16, 9 and 26 ohms respectively. What was the 
resistance of the fourth section ? 

Solution. — Let a; = the resistance of the fourth section, then 
5 = 16 + 9 + 26 + a: = 51 + 2?, J = 12, and J& = 743. By 
the formula for resistance, 

fi =s _ or, 51 + a: = -r^~ ^^'® ohms (approx.) 
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If 51 -|- a; = 61.9 we have, by transposing 51 to tlie other 

side of the equation, 

X = 61.9 — 51 = 10.9 ohms. 

Ans. 10.9 ohms. 

Example. — A current of 54 amperes flowed through a circuit 

when the E.M.F. Wiis 220* volts. What resistance should l)e 

added in series with the circuit to reduce the current to 19 

amperes ? 

Solution. — The resistance in the first case was, 

220 
R = — ^ = 4.07 ohms (Hpi)rox.) 
54 

The resistance in the second must be, 

R = T^ = 11.58 ohms (approx.) 

The required resistance to insert in tlie circuit is the differ- 
ence of these two resistances, or 11.68 — 4.07 = 7.51 ohms. 

Ans. 7.51 ohms. 

Fall of Potential in a Circuit. Fig. 1 illustrates a series 
circuit in which the resistances ^4, -B, C^ I) and Fj are connected 
in series with each otlier and with the source of electricity. 
If the E. M. F. is known, the current may be found by divid- 
ing the E- M. F. by the sum of all the resistances.. Ohm's law 
may, however, be applied to any part of a circuit separately, 
as well as to the complete circuit. Suppose the resistances of 
-4., JS, (7, jD and E are 4, 3, 6, 3 and 4 ohms respectively, and 
assume that the source has no resistance. Suppose the current 
flowing to be 12 amperes. Tlie E. M. F. necessary to force a 
current of 12 amperes through the resistance A of 4 ohms is, by 
applying Ohm's law, equal to E ^=^ RI = i X 12 = 48 volts. 
Hence between the points a and h outside of the rcsisUmce .4, 
there must be a difference of potential of 48 volts to force the 
current through this resistance. Also to force the same current 
through B^ the voltage necessary is 3 X 12 = 3(5. Simihirly, for 
each part (7, D md 7?, there are required 72, 30 and 4S volts 
respectively. 

As 48 volts are necessary for j)art A and 36 volts for part J?, 
it is evident that to force the current through botli jKirts a differ- 
ence of potential of 48 -f- 30 1= 84 volts is required ; tliat is, the 
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voltage between the points a and c must be 84 volts. For the 
tliree parts A^ B and (7, 48 -j- 36 + "^2 = 166 volts are necessary, 
and for the entire circuit, 240 volts must be applied to give the 
current of 12 amperes. From the above it is evident that there 
is a gradual fall of potential throughout the circuit, and if the 
voltage between any two points of the circuit be measured, the 
E. M. F. obtained would depend upon the resistance included 
between these two points. For example, the voltage between 
points h and d would be found to be 72 + 36 = 108 volts, or 
between d and e 86, volts, etc. From the preceding it is apparent 
tliat the fall of potential in a part of a circuit is equal to the 
cuiTent multiplied by the resistance of that part. 




iHK 




>AAAAAAAAA 
C 

Fig. 1. 

This gradual fall of potential, or drop as it is commonly 
called, throughout a circuit, enters into tlie calculations for the 
size of conductoi-s or mains supplying current to distant points. 
The resistances of the conductors cause a certain drop in trans- 
mitting the current^ depending upon their size and length, and it 
is therefore necessary that the voltage of machines at the supply 
station sliall be great enough to give the voltage necessary at the 
receiving stations as well as the additional voltage lost in the 
conducting mains. 

For example, in Fig. 1 the voltage necessary between the 
points e and b is 144 volts, but to give this voltage the source 
must supply in addition the voltage lost in parts A and E^ which 
equals 90 volts. 

Example. — The voltage requii'ed by 17 arc lamps connected 
in series is 782 volts and the current is 6.6 amperes. The resist^ 
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ance of the connecting wires is 7 ohms. What must be the 
E. M. F. applied to the circuit? 

Solution. — The drop in the connecting wires is i?= JB J:= 
7 X 6.6 = 46.2 volts. The E. M. F. necessary is therefore 782 
4- 46.2 = 828.2 volts. Ans. 828.2 volts. 

Example. — The source of E. M. F. supplies 114 volta to a 
circuit made up of incandescent lamps and conducting wires. 
The lamps require a voltage of 110 at tlieir terminals, and take a 
current of 12 amperes. What should be the resistance of the 
conducting wires in order that the lamps will receive the necessary 
voltage ? 

Solution. — The allowable drop in the conducting wires is 
114 — 110 = 4 volts. The current to pass through the wires is 
12 amperes. Hence the resistance must be 

iJ = :?=^^ = .38 + ohms. 

Ans. .38 -|- onms. 
Divided Circuits. When a circuit divides into two or more 
parts, it is called a divided circuit and each part will transmit a 
portion of the current. 

Such a circuit is illustrated in Fig. 2, the two branches being 
represented by h and c. The current passes from the positive 
pole of the battery through a and then divides ; part of the 
current passing through b and part through <?. The current then 
unites and passes through d to the negative pole of the battery. 
The part c may be considered as the main part of the circuit and 

J as a by-pass about it. A branch 
which serves as a by-pass to an- 
other circuit is called a %liunt 
circuit, and the two branches are 

I said to be connected in parallel, 

a In considering the passage 

Fig. 2. of a current through a circuit of 

this sort, it may be necessary to determine how much curient 
will pass through one branch and how much through the other. 
Evidently this will depend upon the relative resistance of the two 
branches, and more current will pass through the branch offering 
the lesser resistance than throucT^h the branch having the higher 
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resistance. If the two parts have equal resistances, then one half 
of the total current will pass through each branch. If one branch 
has twice the resistance of the other, then only one-half as much 
of the total current will pass through that branch as through the 
other ; that is, ^ of the total current will pass through the first 
branch and the remaining |^ will pass through the second. 

Tlie relative strength of current in the two branches toill be 
inversely proportional to their resistances^ or directly proportional 
to their conductarices. 

Suppose the resistance of one branch of a divided circuit is 
Tj (see Fig. 3), and that of the other is rg. Then by the pre- 
ceding law, 

current in r^ : current in rj : : Tj : r^ 
Also, 

current in r j : total curi-ent > ^ r^ : r^ -{^ r^ 
and 

current in r^ : total current : : r^ : r^ -|" '"a 

Let /represent the total current, i^ the current through the 
resistfince r^ and i^ the current through the resistance r^. Then 
the two preceding proportions are expressed by the following 
formulas : 

t, = _^ and f2=-^ 

Example. — The total current passing in a circuit is 24 
amperes. The circuit divides into two branches having resist- 
ances of 5 and 7 ohms respectively. What is the current in each 
branch ? 

Solution. — In this case J= 24, r^ = 5 and r^ = 7. Sub- 
stituting these values in the above formulas we have, 

7r« 24X7 -. 

and 1*4, = ^ — == ^ i = 10 amperes. 

« n+ra 6 + 7 ^ 

. ( In 5 ohm branch, 14 amperes. 
' I In 7 ohm branch, 10 amperes. 

Joint Resistance of Divided Circuits. As a divided circuit 
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offers two paths to the current, it follows that the joint i^sistance 
of the two branches will be less than the resistance of either branch 
alone. The ability of a circuit to conduct electricity is repre- 
sented by its conductance, which is the reciprocal of resistance ; 
and the conductance of a divided circuit is equal to the sum of 
the conductances of its parts. 

For example, in Fig. 8, the conductance of the upper branch 

equals — and that of the lower branch equals — . If R repre- 

seiits the joint resistance of the two parts then the joint conduct- 
ance equals: 

1 _ 1 J_ 1 _ '•l + '-2 






B r^ r, rjTj 

Having thus obtained the joint conductance, the joint resist- 
ance is found by taking the reciprocal of the conductance, that is« 



B^JjJ'' 



This fommla may be stated as follows : 

Hie joint resistance of a divided circuit is equal to the product 
qf the two separate resistances divided by their sum. 




l2 

Fig. 3. 

For example, suppose the resistance of each branch to be 
2 ohms. The conductance of the circuit will be, 

— - = — + — = 1, and hence /J = 1 ohm. 

Also by the preceding formula, 

R = JAI = 1 ohm. 

2 + 2 

The resistance of a divided circuit in which each branch has 
a resistance of 2 ohms is therefore 1 ohm. 

Example. — The resistances of two separate conductors are 3 
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and 7 ohms respectively. What would be their joint resistance 
if connected in parallel ? 

Solution. — In this case r^ = 3 and r^ = 7, hence by the 
formula, 

E = ^^1 = 2.1 ohms. Ans. 2.1 ohms, 

3 + 7 

Suppose, as illustmted in Fig. 4, the conductor having 
resistances equal to r^, rg and r^ respectively, are connected in 




parallel. The joint total conductance will then be equal to, 



1- = J- +i- + J_ = ^2 ^'s+^\ ^3 -f/'jj: 



2 



R ^1 ^2 rg r J rj r^ 

and as the joint resistance is the reciprocal of the joint conduct- 
ance, the joint resistance R of the three branches is expressed by 
the formula. 



Example. — What is the joint resistance when connected in 
parallel, of three wires whose i*espective resistances are 41, 52 and 
29 ohms respectively ? 

Solution. — In this case r^ == 41, r^ =52 and r^ s 29. 
Hence, by the preceding formula, 

* = 52"x-29^i^#2U"irx-6l = '^•» + •"■°»- 

Ans. i2.8-l-ohm8. 

In general, for any numl)er of conductors connected in 
parallel, the joint resistance is found by taking tlie reciprocal ol 
the sum of the reciprocals of the sepamte resistances. 

Example. — A circuit is made up of five wires connected in 
parallel, and their se[)arate resistances are respectively 12, 21, 28, 
8 and 42 ohms. What is the joint resistance? 
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Solatioii.— The 


Bum of the conductances 


is: 


^+ 


1.1.1 

21 ^ 28 ^ 8 


^:.- 


58 

'IS8 


Hence the joint resistance equals: 






» 168 


= 3.1 4* ohms. 




AnB. 8.1 -|- ohms. 



If the resistance of each branch is known and also the poten- 
tial difference between the points of union, then the current in 
each branch may be found by applying Ohm's law to each branch 
separately. For example, if this potential difference were 96 
Yolts, and the separate resistances of the 4 branches were 8, 24, 8 
and 48 ohms respectively, then the current in the respective 
branches would be 12, 4, 32 and 2 amperes respectively. 

If the current in each branch is known and also the poten- 
tial difference between the points of union, then the resistance of 
each branch may likewise be found from Ohm's law. 

The following examples are given to illustrate the applica- 
tion of the preceding principles. 

EXAMPLES FOR PRACTICE. 

1. Two conductors having resistances of 71 and 19 ohms 
respectively are connected in parallel, and the total current pass- 
ing in the circuit is 87 amperes. What current passes in the 
conductor whose resistance is 71 ohms? Ans. 7.8 -f-ftrap^ros* 

2. What is the joint resistance of two vnres connected in 
parallel if their separate resistances are 2 and 8 ohms respectively? 

Ans. 1.6 ohms. 

8. What is the joint resistance of three vnres when con- 

hected in parallel, whose separate resistances are 5, 7 and 9 ohms 

respectively ? Ans. 2.2 + ohms. 

4. Three wires, the respective resistances of which are 8, 10 
and 20 ohms, are joined in parallel. What is their joint resist- 
ance ? Ans. 8.6 -{- ohms. 

5. Four wires are joined in parallel, and their separate 
resistances are 2, 4, 6 and 9 ohms respectively. What is the 
joint resistance of the conductor thus formed? 

Ans. .97 + ohm. 
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Battery Circuits. Fig. 5 illustrates a simple oirouit huving 
a single cell connected in series with a resistance. This is the 
onstomaiy manner of representing a cell, the short, heavy line 
representing the sine and the long light line representing the 
copper cor carbon plate. In determining the amount of current 
which will flow in such a circuit, the total resistance of the circuit 
must be considered. This is made up of the external resistance 
It and the internal resistance r, or the resistance if the cell itself. 
If E represents the total E. M. F. of the cell, then the current 
/which ^yill flow is expressed hj the formulay 

/= ^ 




fi + r 

It has been shown that whenever a current passes through 
any resistance, there is always a certain drop or fall of potential. 
The total E. M. F. above referred to, expresses the totel poten- 
tial difference between the plates of the cell and is the E. M. F. 
of the cell on open circuit When 
the current flows, however, there 
is a fall of potential or loss of 
voltage within the cell itself, 
and hence the E. M. F. of the 
cell on closed circuit is less than 
on open circuit. That is, if the pig. 5. 

voltage be measured when the 
cell is suppl3ring current, it will be found to be less than when 
the voltage is measured on open circuit, or when the cell is sup- 
plying no current. The voltage on closed circuit is that available 
for the external circuit, and is therefore called the external 01 
avaUcMe voltag^e or E. M. F. 

The external E. M. F. depends of course upon the strength 
of current the cell is supplying, and may be calculated k.< 
follows: 

If the current passing is / and the resistance of the cell i 
r, then from Ohm's law the voltage lost in the cell equals r I. 1 
E represents the total E. M. F. of the cell and E^ the ex^--^«l 
E. M. F., then 

E,^£—rI 
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Fig. 6. 
F. of the circuit but also 



The E. M. F. of a cell is understood to be the total E. M. F. 

unless otherwise stated. 

When two or more cells are interconnected they are said to 
form a battery. 

Fig. 6 illustrates three cells connected in series with each 
other and with the external circuit. That is, the positive terminal 
of one cell is connected to the negative of the next, and the posi- 
tive of that cell to the negative of the adjacent, etc. By this 
method of connecting, the E. M. F. of each cell is added to that 
of the others, so that the total £. M. F. of the circuit is three 
times that of a single cell. If one of the cells were connected so 
that its E. M. F. opposed that of 
the other two, it would offset 
the E. M. F. of one of the cells 
and the resultant £• M. F. would 
be that of a single cell. The con- 
necting of cells in series as in 
Fig. 6 not only increases the E. M 
increases the internal resistance, the resistance of each cell being 
added to that of the others. If H equals the E. M. F. of each 
cell, r the internal resistance of each and B the external resist* 
ance, then the current that will flow is expressed by the formula. 

I ^^ 

^ B + Sr 

or for n celLs connected in series the formula for current is, 

^_ nH 
B + nr 
Fig. 7 illustrates two cells connected in parallel, and sup- 
plying current to an ex- 
^ temal circuit. Here the 

two positive terminals are 
connected with each other 
and also the two n^ative. 
The E. M. F. supplied to 
the circuit is equal to that 
of a single cell only. In 
fact connecting cells in parallel, is equivalent to enlarging the 




FlK-7. 
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Hd 



plates, and the only effect is to decrease the internal resistance. 
It is evident that coupling two cells in parallel affords two 
paths for the current and so decreases the resistance of the two 
cells to one-half that of a single cell. The formnla express- 
ing the current that would flow in the external circuit with two 
cells in parallel is therefore, 



[ = 
or for n cells conaected in parallel, the formnla for current is, 



/ = 



B + 2- 
n 




Pig. 8. 

Fig. 8 represents a combination of the series and parallel 
method of connecting and represents four files of cells joined In 
parallel and each file having four cells connected in series. The 
E. M. F. of each file and consequently of the circuit is 4 ^. The 

4 7* 

resistance of each file is 4 r and that of all the files — j— . Hence, 

4 

the formula for current is, 
/ = 



4J? 



li 



j4r 
T 



If there were n files connected in parallel and m cells were 
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connected in series in each file, the formula expressing the current 
in the external circuit would be. 



n 



where E is the E. M. F. of each cell, R the external resistance, 
and r the internal resistance of each cell. 

The most advantageoua method of connecting cells depends 
upon the results desired, the resistance of the cell and the external 
resistance. Suppose it is desired to pass a current through an 
external resistance of 2 ohms, and that Daniell's cells are to be 
used each having an E. M. F. of 1 volt and an internal resistanco 
oC 3 ohms. 

With one cell only in circuit, the current will be, 

E 1 o • 

and with 6 cells all in series the current will be, 

.R + Tr = 2J15 == -^ ^^P""" (appmx.). 

Therefore with 5 cells in series the current is only .1 ampere 
greater than with a single cell, and with 100 cells in series the 
current is only, 

100 E 100 



if+lOOr. 2 + 300 



= .38 ampere. 



Hence with a comparatively low external resistance, there is but 
little gain in current strength by the addition of cells in series. 
This is due to the fact that, although the E. M. F. is increased 
1 volt by each cell, the resistance is increased by 3 ohms. 

Now suppose 5 Daniell cells to be connected in parallel with 
the external circuit of 2 chnis. The E. M. F. of the circuit will 
then be that of a single cell and the current will be, 

E 1 

= .4 ampere (nearly). 



"■^T.^+T 
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and with 100 cells counecteil iii pamllel the current will be, 
E 1 



^ 100 ^ 100 



=r .6 ampere (nearly). 



A larger current is therefore obtained in this case byconnect* 
ing the cells in pirallel than by connecting them in series. 

With a large external resistance on the other hand, a larger 
current Ls obtained l)y connecting the cells in series. For example, 
suppose the external resistance to be 500 ohms. One cell will 
then give a current of .00198 + ampere, and 5 cells in series will 
give about .0097 ampere, whereas 100 cells will give .125 am[iere. 
With 5 cells connected in parallel the current will be .00199 -f 
ampere, and with 100 cells the current will amount to approxi- 
mately .002 ampere. With an external resistance of 500 ohms, 
thei'e is practically no advantage in connecting the cells in paralleL 
The only effect of the latter method is to decrease the internal 
resistance which is almost negligible in comparison with the 
external resistance. 

It may be shown mathematically that for a given external 
resistance and a given number of cells, the largest current is 
obtained when the internal resistance is eqiial to the external 
resistance. In order to obtain this result the values of m and n 

in the formula on page 30, should be so chosen that equals 

R. Tliis arrangement, although giving the largest current 
strength, is not tlie most economical. With the internal resist- 
ance equal to the external resistance there is just as much energy 
used up in the batteiy itself as is expended usefully in theext>ernal 
circuit. 

In order to obtain the most economical arrangement, the 
internal resistance should be made as small as possible, .hat is, 
all the cells should be connected in parallel. The loss of ^>"wer 
in the battery is then the smallest amount possible^ 

In order to obtain the quickest action of the current the ceu» 
should be connected in series. When the external circuit possesses 
considerable self-induction, as is the case when electromagnets are 
connected in the circuit, the action of the current is retarded. 
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This retardation may he decreased by having a high internal 
resistance, which is obtained by connecting the cells in series. 

Example. — Sixteen cells, each having an internal resistance of 
.1 ohm are to be connected with a circuit whose resistance is .4 
ohm. How should the cells be connected to obtain the greatest 
current ? 

Solution. — Here the external resistance B, equals .4 ohm and 
the resistance r of each cell equals .1 ohm. For maximum 
cuiTcnt, 

mS^B, or l!l=. A 
n n 

Therefore, w = 4 n 

and as m 71 = 16, the only values of m and n which will be true 
for both of these equations are w = 8 and w = 2. Hence there 
must be 2 files of cells, with 8 cells in series in each file. 

Ans. 2 files, 8 cells in each. 

Example. — The external resistance in a circuit is 4 ohms. 
The cells used each have an E. M. F. of 1.2 volts and an internal 
resistance of 3.8 ohms. If 20 cells were used, which method of 
connecting would supply the lai-ger current, — 5 files with 4 cells 
in sei-ies, or 4 files with 5 cells in series ? 

1st Solution. — Applying the formula on page 30, we have 
/J = 4, J? = 1.2, r = 3.8 and with 5 files and 4 in series, w = 4 
and n = 5. Hence, the current is, 

mE 4X1.2 



ij^^'^ 4_^4x_3^ 
n 6 



= .681 + ampere. 



With 4 liles and 5 cells in series, w = 6 and n = 4. Henc«* 
£hd ^^nrrer , is, 

6X1.2 



^ 5X 3.8 



= .685 + ampere. 



The larger current is therefore supplied by having 4 files 

with 5 cells in series. Ans. 4 files, with 5 cells in series. 

2nd Solution. — The maximum current is supplied when the 
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internal resistance equals the external resistance or when 

n 
With 5 files and 4 cells in series, 

^ = LXM = 3.04 ohms, 
n 5 

and with 4 files and 5 cells in series, 

■,nr ^ 5 X 3.8 _ ^^^ ^^^^^ 
n 4 

The latter value is nearer to 4 ohms, which is the external resist- 
ance, tlian is ^^.04, hence the larger current will be supplied with 
4 filos and 5 cells in series. Ans. 4 files, with 5 cells in series. 

Example. — It is desired to pass a current of .025 ampere 
through an external resistiince of 921 ohms. The cells are to be 
connected in series and each has an E. M. F. of .8 volt and an 
internal resistance of 1.3 ohms. What numl^er of cells must be 
used ? 

Solution. — From page 28, the general formula for cells in 
series is, 

and in this case 1= .025, E= .8, iJ= 921 and r == 1.8. Substi- 
tuting tiiese values gives, 

.025 := !^-:^ 

921 + 7*1.3 
Multiplying by 921 -|- 1.*^^' gives 

23.025 + .0825nz=:.8n 
'IVaiLsposing .0325 //. gives 

.8M_.0325/i = 23.025 
or .7675 // = 23.025 

hence, n == 30 

Ann. 80 cells. 
EXAHPLES FOR PRACTICE, 

!• Ten cells in series have an E. M. F. of 1 volt each and 
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an internal resistance of .2 olim. The external "resistance is 8 
ohms. What is the current? Ans. 2 ampei-es. 

2. Six cells, each of which has an E. M. F. of 1.2 volts and 
a resistance of 2 ohms, are connected in pamllel. With an external 
resistance of 10 ohms, what is the current? Ans. .116 + ampere. 

3. What is the current supplied by the same cells if joined 
in series and the external resistance is 20 ohms? 

Ans. .22/) jimpeij. 

4. A single cell wliose E. M. F. on open circuit is 1.41 volts 
and whose internal resistance is .»5 ohm is supplying a current of 
.3 ampere. What is the available E. M. F. of the cell ? 

Ans. 1.26 volts. 

5. What would be the available E. M. F. with 8 of the 
cells referred to in example 4, when connected in series and sup- 
plying the same current ? Ans. 10.08 volts. 

6. Eight Daniell cells (E. M. F. = l.Oo, resistance = 2.5 
ohms each) are joined in series. Three wires Jl, B 'ind C^of 9, 
36 and 72 ohms resistance respectively are arranged to be connected 
to the poles of the battery. F'ind the current when each wire is in- 
serted separately, and when all three wires are connected in parallel. 

Ans. Through A, .29 ampere nearly ; through i/, .15 ampere; 
through C\ .991 + auipere ; and through all three, .31 -f-iiinpere. 

7. A battery of 28 Buusen cells (E. M. F. = 1.8, resistance 
= .1 ohm each) are to supply current to a circuit having an 
external resistance of 30 ohms. Kind tiie current (a) when all 
the cells are joined in series, (?>) when all the cells ai-e in parallel, 
(c) when there are 2 files each having 14 cells in series, (J) when 
there are 7 files each having 4 cells in series. 

Ans. (a) 1.53 + ; (J) .06 nearly; (c?) .82 + ; (d) .23 + 
ampere. 

QUANTITY, ENERGY AND POWER. 

Quantity. The strength of a current is determined by the 
amount of electricity which passes any cross section of the conduc- 
tor in a second; that is, current strength expresses the rate at 
which electricity is conducted. The quantity of electricity con- 
veyed evidently depends upon the current strength and the time 
the cun-ent continues. 
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The Coulomb. The coulomb is the unit of quantity and is 
equal to the amount of electricity which passes any cross-section 
of the conductor in one second when the current strength is one 
ampere. If a current of one ampere flows for two seconds, the 
quantity of electricity delivered is two coulombs, and if two 
amperes flow for one second the quantity is also two coulombs. 
With a current of four amperes flowing for three seconds, the 
quantity delivered is 12 coulomlw. The quantity of electricity in 
coulombs is therefore equal to the current strength in amperes 
multiplied by the time in seconds, or 

where Q L the quantity in coulombs, / the current in amperes and 
t the time in seconds. 

The coulomb is also called the ampere-second. The quantity 
of electricity delivered in one hour when the current is one 
ampere is called one ampere-hour. The ampere-hour is equal to 
3,600 coulombs, as it is equal to one ampere for 3,600 seconds. 

From the formula Q =: It, it follows that 

J=iande = 4 
t I 

Example. — A cunent of 18 amperes flows through a circuit 
for 2^ hours. What quantity of electricity is delivered? 

Solution. — Reducing 2| hours to seconds gives 8,100 seconds, 
and 8,100 X 18 = 145,800. Ans. 145,800 coulombs. 

Example. — What is the strength of current when 1 J ampere- 
hours pass in a circuit in 89 seconds? 

Solution. — One and one-half ampere-hours equal 5,400 
coulombs and as current strength is expressed by quantity divided 
by time, the current is 6,400 -4- 89 = 60. + amperes. 

Ans. 60. -|~ amperes. 

EXAMPLES FOR PRACTICE. 

1. How many coulombs are delivered in 9 minutes, when 
the current is 17| amperes? Ans. 9,450 coulombs. 

2. What IS the current when 480 coulombs are delivered 
per minute ? Ans. 8 amperes. 
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3. In what time will 72,000 coulombs be delivered when the 
current is 80 amperes ? . Ans. ] 5 minutes. 

4. How many ampere-hours pass in a circuit in 2| hours 
when the current is 22 amperes? Ans. 60.5 ampere-hours. 

Energy, Whenever a current flows, a certain amount of 
energy is expended, and this may be transformed into heat, or 
mechanical work, or may produce cliemical changes. The unit of 
mechanical energy is the amount of work performed in raising a 
mass of one pound through a disUnce of oae foot, and is called 
the foot-pound. The work done in raising any nuiss through any 
height, is found by multiplying the number of pounds in that mass 
by the number of feet through which it is lifted. Electrical work 
may be determined in a corresponding manner by the amount of 
electricity transferred through a difference of potential. 

The Joule. The joule is the unit of electrical energy, and is 
the work performed in transferring one coulomb through a differ- 
ence of potential of one volt. That is, the unit of electrical energy 
is equal to the work performed in transferring a unit quantity of 
electricity through a unit difference of potential. It is evident 
that if 2 coulombs pass in a circuit and the difference of potential 
is one volt, the energy expended is 2 joules. Likewise if 1 cou- 
lomb passes and the potential difference is 2 volts, then the energy 
expended is also 2 joules. Therefore, to find the number of joules 
expended in a circuit, multiply the quantity of electricity by the 
potential difference through which it is transferred. This is 
expressed by the formula, 

W= Q E, or W^IHt, 
where WU the work in joules, Q the quantity in coulombs, JE^the 
potential difference in volts, /the current in amperes and t the 
time in seconds. 

By Ohm's law U=z R I and by substituting this value of E 
in the equation for energy, we obtain the formula, 

Tr=/2 Rt, 
which may be used when the current, resistance, and time are 
known, R being the resistance in ohms. 

Example. — With a potential difference of 97 volts and a cur* 
rent of 14 amperes, what energy is expended in 20 minutes? 

Solution. — Work is expressed by the product of the quantity 
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and potential difference. The time in seconds equals 20 X 60 = 
1200, and the work TF^ 14 X 1200 X 97 = 1,629,600 joules. 

Ans. 1,629,600 joules. 

Example. — The resistance of a circuit is .9 ohm, and the 
cuiTent is 25 amperes. What energy is expended in half an hour? 

Solution. — Substituting these values of resistance, current 
and time m the formula W= l^ R t, we have, 1^= 25^ X .9 X 
30 X 00 = 1,012,500 joules. Ans. 1,012,500 joules. 

Power. Power is the rdte of doing work, and expresses the 
amount of work done in a certain time. The horse-power is the 
unit of mechanical energy, and is equal to 38,000 foot-pounds per 
minute or 550 foot-pounds per second. A certain amount of work 
may be done in one hour or two hours, and in stating the work 
done to be so many foot-pounds or so many joules, the rate at 
which the work is done is not expressed. Power on the other 
hand, includes the rate of working. 

It is evident that if it is known that a certain amount of work 
is done in a certain time, the rate at which the work is done, or 
the power, may be obtained by dividing the work by the time, 
giving the work done per unit of time. 

The Watt. The electrical unit of power is the watt, and is 
equal to one joule per second, that is, when one joule of work is 
expended in one second, the power is one watt. If the number of 
joules expended in a certain time is known, then the power in 
watts is obtained by dividing the number of joules by the time in 
seconds. The formulas foj the work done in joules as given 
on the preceding pages are, 

W=:IEt,ixni\ W=I^ R£. 

By dividing each of these by the time ^, we obtain the cor- 
responding formulas for power as follows: 

P= J jE?, and P = /2 R^ where P is the power in watts, 1 
the current in amperes, E the potential difference in volts, and R 
the resistance in ohms. 

The power is obtained therefore, by multiplying the current 
by the voltage, or by multiplying the square of the current by the 
resistance. 

The watt is sometimes called the volt-ampere. 

For large units the kilowatt is used, and this is equal to 1,000 
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watts. The common abbreviation for kilowatt is K. W. The 
kilowattrhour is a unit of energy, and is the energy expended in 
one hour when the power is one kilowatt. 

BXA/IPLES FOR PRACTICE. 

1. A current of 40 amperes is supplied to a circuit and the 
voltage is 110. What is the power in watts? Ans. 4400 watts. 

2. What is the power in kilowatts supplied to a number of 
incandescent lamps when the current is 84 amperes and the volt- 
age of the circuit 97 ? Ans. 8.1+ kilowatts. 

3. A circuit has a resistance of 60 ohms and the current is 
12 amperes. What power is expended in tlie circuit? 

Ans. 7.2 K. W. 

4. The voltage of an incandescent lamp circuit is 220 volts, 
and the resistance 2 ohms. What power is expended in the cir- 
cuit? Ans. 24.2 K. W. 

Note. — First find current by Ohm's law. 

Equivalence of Electrical Enersry in Heat Units. When- 
ever there is any resistance to the flow of a current there is always 
a certain amount of electrical energy transformed into heat. The 
current in passing through such resistance expends a certain 
amount of energy in overcoming the resistance, and this energy is 
dissipated as heat. The entire electrical energy of a circuit may 
be transformed into heat, as in a lamp circuit, or only part of the 
energy may appear as heat, the remainder being transformed into 
mechanical or chemical work. The energy which appears as heat 
raises the temperature of the circuit to an amount depending upon 
its radiating surface, and the temperature of tlie surrounding 
medium. 

When the resistance of a circuit and the current are known, 
the electrical energy expended may be calculated by finding the 
product of the square of the current, the resistance, and the time, 
as by the formuhi at the foot of page 36. All this energy is 
transformed into heat. Other work may be done by the current, 
as would be the case if an electric motor were connected to the 
circuit, but this requires additional energy to that which is dissi- 
pated as heat. Tlie formula referred to gives only the energy lost 
as heat, which is the totiil energy when no other work is done. 
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This formula, which gives the energy in joules, is in accordance 
with Joule's law, which is as follows : 

The number of heat units developed in a conductor is propor* 
tional to its resistance^ to the s(fuare of the current^ and to the time 
the current lasts. 

As we have seen, the unit of electrical eneigy is the joule. 
The common unit of heat is the calorie, which is the amoiint of 
heat necessary to raise the temjKjrature of 1 gium of water through 
1 degi-ee Centigrade. By careful investigations it has been found 
that the joule is equivalent to .24 of a calorie ; that is, one joule 
of electrical energy when transformed into heat is equal to .24 
calorie. Electrical energy may therefore be expressed in heat 
units by multiplying the number of joules by .24 ; that is, 

[7=/2 X li XtX .24 
whei'e U is the heat in c^ilories. 

As one joule is equivalent to .24 calorie, it follows that one 
calorie is equivalent to 4.2 joules approximivtely. 

EXAHPLES FOR PRACTICE. 

1. How many calories will be developed by a current of 80 
amperes flowing through a resistance of 12 ohms for 10 seconds? 

Ans. 25,920 calories. 

2. What amount of heat will a current of 20 amperes 
develop if it flows through a i*esistance of 80 ohms for 2 seconds ? 

Ans. 15,860 calories. 

Equivalent of Electrical Energy in flechanical Units. The 
common unit of mechanical energy is the foot-pound, and from 
experiment it has been found that one joule is equivalent to 
.7878 foot-pound ; that is, the same amount of heat will be 
developed by one joule as by .7373 foot-pound of work. 

As one horse-power is equal to 550 foot-pounds per second, it 
follows that this rate of working is equivalent to 

*— = 746 joules per second (approx.). 



.7373 

Hence one horse-power is equivalent to 746 watts. There- 
fore to find the equivalent of mechanical power in electrical 
power multiply the horse-power by 746, and to rind tlie equiv»- 
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lent of electrical power in mechanical power divide the number of 
watts by 746. 

EXAHPLES FOR PRACTICE. 

1. A power of 287 watts is equivalent to how many horse- 
power? . Ans. .38+ II. P. 

2. The voltage a[)pUed to a circuit is 500 and the current is 
19t} amperes. What is the equivalent liorae-power of the circuit? 

Ans. 131 + H. P. 

3. What is the equivalent of 43 H. P. in kilowatts? 

Ans. 32+ K. W. 

4. How many horae-power approximately are equivalent to 
one kilowatt? Ans. 1^ H. P. 

THE SUPPLY OF ELECTRICAL ENERGY. 

Electrical energy is now made use of on such a Uirge scale 
for lighting, power, heating, etc., that it is generated or pro- 
duced by machines of great capacity. The dynamo is used for 
this purpose and machines liaving a capacity of several thousand 
kilowatts are now common. 

Central Stations. Large central stations or power houses 
are built at convenient places and here are collected the generat- 
ing, controlling and measuring apparatus. Usually steam engines 
or turbines are used to drive the dynamos, and from the latter, 
large copper mains conduct the current to the switchboard located 
Avithin the station. Here are assembled all the regulating devices, 
instruments, and switches for the control of the system. From 
the switchboard conducting mains run out to various distant 
points, where the energy is to be used, to the receiving apparatus, 
such as electric motors, lamps, heating devices, etc. A complete 
system is therefore made up of three sub-divisions — the generat- 
ing plant, the conducting mains, and the receiving apparatus. 

Isolated Plants. Besides large central stations which occupy 
one or more entire buildings and which are usually built and 
designed especially for such purpose, there are the comparatively 
small and simple plants called isolated power plants. They are 
purely local systems and supply energy to a single building, or to 
buildings in the immediate vicinity. The generating apparatus 
in this case is usually located in the basement of the building. 
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Large hotels and office buildings are frequently provided with 
individual generating plants. • 

Losses in Energy. In operating an electrical machine there 
is always some loss in energy, that is, the machine does not give 
out an amount of energy equivalent to the amount it receives. 
Besides ordinary mechanical losses there is in addition the electri- 
cal loss, which always occurs when a current flows through any 
resistance. This loss as previously explained, is equal to the 
square of the current multiplied by the resistance. 

The nitio of the amount of energy which a machine gives 
out, to the amount which it receives is called the commercial 
efficiency of the machine. For example, if the commercial effi- 
ciency of a dynamo is stated to be 80%, then 20% of the energy 
given to the dynamo is lost, partly in overcoming friction and 
partly in electrical losses. 

Where electricity is transmitted some distance by means of 
conducting mains, there takes place a loss in the line due to heat- 
ing, which is frequently as much as 10%. Also at the receiving 
station, if the electrical energy is converted into mechanical by 
means of Jin electric motor, there will be a further loss. 

Illustrative Example. For example, suppolse it is desired to 
ascertain the losses in a system which comprises a generator, 
conducting mains and an electric motor. Suppose tlie efficiency 
of. the generator is 92% and that 1000 horse-power are imparted 
to it by the driving engine. The output of the dynamo will be 
.92 X 1000, or 920 hoi-se-power, and this is equivalent to 
920 X 746, or 686,320 watts. The energy lost in the dynamo 
will be 80 X 746, or 59,680 watts. We will assume the voltage 
of the dynamo and the circuit to be 1000, and as the power in 
watts is equal to the product of the voltage and current, the cur- 
rent must be 686,320 -^ 1000, or 686 amperes approximately. 

Now suppose the resistance of the conducting mains is equal 
to .11 ohms. Knowing the current in the mains and the resis- 
tance, the loss therein is obtained by applying the formula I^ B 
giving 6862 x .11, or 61,765 watts. The energy available at the 
receiving end of the line will therefore be 686,320 — 51,765, or 
634,555 watts. 

The remaining loss to be considered is that in the electric, 
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motor. Assuming the eflBoiency of the motor to be 90^, the 
power lost therein will be .10 X 684,555, or 63,455 watts. The 
output of the motor is therefore equivalent to 634,555 — 63,455, 
or 571,100 watts. This in mechanical units is equal to 571,100 -=- 
746, or 765 horse-power approximately. 

Hence from an input of 1,000 horse-power at the generating 
station, the work the motor is capable of performing at the receiv- 
ing station is 765 horse-power. The eflBciency of the entire 
system imder the assumed conditions is therefore 765 -f- 1,000, or 
76.5 %. 

Among the great variety of generating machines, systems of 
distribution and auxiliary devices, each has its particular advan- 
tage for special condLtions, and the selection of the tj'pe of mar 
chine and system of distribution depends almost entirely upon the 
special circumstances. For example, a low voltage system is best 
adapted for isolated plants, whereas for the transmission of power 
long distances very high voltages are used. The various types of 
machines, systems, etc., with their special advantages and disad- 
vantages will be fully considered in the following Instruction 
Papers. 
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Seven 5000 H. P. Westinghouse Generator at Niagara 
Falls Power Co. 
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ELECTRICAL MEASUREMENTS. 



ABSOLUTE AND PRACTICAL UNIT5. 

Fundamental Units. All physical quantities such aa volume, 
velocity, force, etc., are derived from, and can be expressed in 
terms of the three fundamental quantities: length, mass, and 
time. Each of these quantities is inde£)endent of the other, and 
can only be measured ir terms of its own units. 

The system of units in almost universal use by engineers and 
upon which the electrical units are based, is the absolute or 
Centimetre-Qramme-Second system, which is usually abbreviated 
to the C. Q« S. system. The fundamental units in this system 
are: — 

The Centimetre bs a imit of length ; 

The Oram me as a unit of mass ; 

The Second as a unit of time. 

The Poot-Pound-5econd system is also used to some extent, 
the foot^ pounds and second being the units of lengthy masSy and 
jime respectively. 

Derived Units. From the three fundamental units length, 
Z, mass, JHf, and time, 7, are derived all otlier physical quantities. 
For example, the area of a rectangular surface is obtained by 
multiplying the length by the width, or S = L X L = L^. 
It is therefore evident that the only unit entering into the measure- 
ment of surface is lengthy and that surface is measured by the pro- 
duct of two lengths, or L^. Similarly, volume is measured by 
the product of three lengths, or L^. Velocity which is the rate of 
motion, or space covered per unit of time, is expressed by 

^^ , or -— = i T"^, Hence the only quantities entering into 
time T 

the measurement of velocity are length and time, that is, length 

and time are the dimensions of velocity. In a similar manner it 
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SYMBOLS OF PHYSICAL QUANTITIES. 

Reconi mended by the Coiiiiiiittee uii Kotation of the Chamber ot 
Delegates of the International Electrical Congi-ess of 1893. 

With the names added in italics of the practical magnetic units provisionally 
adopted by the American Institute of Electrical Engineers. 



FinwCAt Qv u n rnu . 



I>rHnaMM ar 

TMB PrVMCAL 

fittAMTrriBa. 



HMin or vwB C-&. S. 



PMcncttk VwTC. 



Lbngtk.. 
Mass... 

TlMB ... 



SORFACK. . 
VOLUMB. . 



VnOOTY. 



A.tOOLAR VmLOaTY., 
AOCBLBRATION 



PORCB.. 

Work. . 



POWSR., 



MoMnrr or Insrtia. , 



STiBfom or PoLB •. 

Maokbtic MoMBirr 

iHnmmr or Mackbtization. 
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may be shown that every physical quantity such as force, work, 
resistance, etc., may be expressed in terms of one or more of the 
three fundamental units. 

A table of St/mboh of Physical Quantities is given on page 4. 
The first column gives the names of the physical quantities, the 
fundamental, geometrical, mechanical, etc. The second column 
gives the symbols for each of the physical quantities. In the third 
column appears what are termed the defining equations, that is, 
the equations which express tlie relation between the different 
quantities. The dimensions of the physical quantities are given 
in the fourth column. For example, the dimensions of velocity, 
as we have seen, are L T""^. The fifth column contains the 
names of the absolute or O, O. S. units, and the sixth those of the 
practical units. 

Definitions of the absolute and pi-actical electrical units are 
given on the following pages, and are arranged so that they may 
be easily referred to. 

The 0. O. S. units upon which the electrical units depend 
are as follows : 

Surface. — The unit of surface is the square centimetre. 

Volume. — The unit of volume is the cubic centimetre. 

Velocity. — The unit of velocity is the velocity of a body 
which moves through unit distance in unit time, or one centimetre 
per second. 

Acceleration. — The unit of acceleration is that acceleration 
which imparts unit velocity to a body in unit tinre, or one 
centimetre per second per second. 

Force. — The unit of force is that force which, acting for one 
second on a mass of one gramme, gives to it a velocity of one 
centimetre per second. This unit is called one dyne. 

Work. — The unit of work is the work done in overcoming a 
force of one dyne through a distance of one centimetre. This unit 
is called one erg. 

Energy. — Since the energy of a body is measured by its 
ability to do work, the unit of energy is also the erg. 

p^^^r, — The unit of power is the activity when one unit 
work is done in a unit time, or one erg per second. 
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ABSOLUTE ELECTRICAL UNITS. 

The mas^netic units are as follows : 

Strength of Pole. — The unit magnetic pole is one of such a 
strength that when placed at a distance of one centimetre (in air) 
from a similar pole of equal strength, it is repelled with a force of 
one dyne. 

ilagnetic Potential. — Magnetic potential is measured by the 
work done on unit pole in moving it against the magnetic forces. 

Difference of flajnietic Potential. — ;,The unit difference of 
magnetic potential exists between two points, when it requires the 
expenditure of one erg of work to bring a unit magnetic pole from 
one point to the other against the magnetic forces. 

Field Intensity. — The unit field intensity is that intensity of 
field which acts on a unit pole with a force of one dyne. This 
unit is called one gauss and is equal to one line of force per square 
centimetre. 

ilagnetic Flux. — The unit of magnetic flux is that amount 
of magnetism which passes through unit area of magnetic field 
when the field intensity is unity. This unit is one magnetic line 
and is called one weber. 

ilagnetomotive Force. — This is measured in the same units 
as difference of magnetic potential. This unit is called one 
gilbert. 

Reluctance. — The unit of reluctance is that reluctance when 
unit magnetomotive force generates in it a flux of one magnetic 
line. This unit is called one oersted, and is the reluctance of a 
cubic centimetre of air. 

From the preceding magnetic units are derived the following 
absolute electromagnetic units : 

Intensity of Current. — A current of unit intensity is such 
that when one centimetre length of its circuit is bent into an arc 
of one centimetre radius, it exerts a force of one dyne on a unit 
magnetic pole placed at its center. 

Electromotive Force. — The unit difference of electromotive 
force or potential exists between two points when it requires the 
expenditure of one erg of work to bring a unit of positive electricity 
irom one point to the other a;;ainst the electric force. A unit 
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electromotive force is generated by cutting one magnetic line per 
second. 

Resistance. — The unit of resistance is such a resistance that 
unit difference of potential existing between its terminals, causes 
a current of unit intensity to flow through it. 

Quantity of Electricity. — The unit quantity of electricity is 
that quantity which is conveyed by unit current in one second. 

Capacity. — The unit capacity is such that unit quantity of 
electricity chaiges it to unit potential difference. 

Inductance. — The unit inductance is such that unit electro- 
motive force is induced by the variation of the current at the rate 
of one unit current per second. 

PRACTICAL ELECTRICAL UNIT5. 

In practical work the resistance and electromotive forces com- 
monly met with are usually so large that if the absolute electro- 
magnetic (7. Q-, S. units were used, the resulting numerical values 
would be inconvenient. On the other hand, capacities are gener- 
ally so small that their numerical values in C, 0-. S. units would 
be very small fractions. For practical use therefore, certain mul- 
tiples of the O. 0-. S, units of resistance and electromotive force, 
and a submultiple of that of capacity have been chosen. 

The following are the practical units : 

Resistance. — The ohm = 10 » (or 1,000,000,000) absolute 
units of resistance. The International Ohm, which is equal to one 
time ohm as nearly as known, is the resistance of a uniform column of 
mercury 106.8 centimetres long and 14.4521 grammes in mass, at 
the temperature of meltmg ice. The megohm is a resistance of 
one million ohms. 

Current. — The ampere = 10"^ (or one-tenth) absolute 
units. This unit is practically represented by the unvarying cur- 
rent which, when passed through a solution of silver nitrate in 
water, deposits silver at the rate of .001118 gramme per second. 

Electromotive Force.— The volt = 10^ (or 100,000,000) 
absolute units, and is that E. M. F. which applied to one ohm will 
produce in it a current of one ampere. The volt is equal to \j^ 
of the E. M. F. of a Clark standard cell at 15** C, 
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Quantity. — The coulomb &■ lO""^ (or one-tenth) abeolute 
units of quantity ; being the quantity of electricity conveyed by 
one ampere in one second. The ampere-hour is the quantity of 
electricity conveyed by one ampere in one hour. 

Capacity. — The farad = 10"® (or one one-thousand-mil- 
lionth) absolute unit of capacity ; and is the capacity of a con- 
denser which is charged to a potential of one volt by one coulomb 
of electricity. The microfarad is one millionth of a farad, and 
= 10^1* absolute units. 

Work. — The joule = 10^ absolute units of work (or 
10,000,000 ergs) and is represented by the energy expended in 
one second by one ampere passing through a resistance of one 
ohm. The watt-hour is the energy expended in one hour when 
the activity, or power, is one watt. The watt-hour is equal to 
8,600 joules. The kilowatt-hour is the energy expended in one 
hour when the activity is one kilowatt. The kilowatt-hour equals 
3,600,000 joules. 

Pdwer. — The watt = 10^ absolute units of power (or 
10,000,000 ergs per second), and is the power of a current of one 
ampere flowing under a pressure of one volt. This unit of power 
is equal to one joule per secondy and is approximately y^^ of one 
horse-power, or one horse-power is equal to 746 watts. The kilo- 
watt is equal to one thousand watts. 

Inductance. — The henry = 10« or (1,000,000,000) absolute 
units of inductance, and is the inductance in a circuit when the 
E. M. F. induced is one volt, while the inducing current varies at 
the rate of one ampere per second. 

Values of the Ohm. — The difficulty in determining experi- 
mentally the correct value of the ohm and volt has lead to the 
adoption and use of several different values. Three of these are 
the British Association (B. A.) ohm and volt, the Legal ohm and 
volt, and the International ohm and volt. The value of the 
ampere has not changed materially because its absolute value may 
be easily and accurately determined by means of the tangent 
galvanometer. 

The International Electrical Congress held at Chicago in 1898 
recommended the adoption of the International ohm and volt. 
United States, England, Germany, and other countries have aow 
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adopted and legalized the International units, and the ohm and 
other electrical units have probably now received their definite and 
final values. 

As the B. A. and Legal ohm are still in use to some extebt, 
it is well to know their values in terms of each other. 

1 International ohm = 1.0137 B. A. ohms = 1.0028 Legal 
ohms. 

1 B. A. ohm = .9865 International ohm = .9898 Legal 
ohm. 

1 Legal ohm = .9972 International ohm = 1.0108 B. A. 
ohms. 

The International ohm represents the true ohm as nearly as 
the latter is known (see p. 7). 

The B, A. ohm is the mean resistance of six of the British 
Association Committee's original ohm coils, now preserved in the 
Cavendish Laboratory at Cambridge, England, and representing 
the results of the Committee's experiments of 1865. 

The Legal ohm is the resistance recommended to be legalized 
as the standard unit of resistance by the Congress of Electricians 
held at Paris in 1884. This unit was defined as the resistance of 
106 centimetres of mercury, of one millimetre cross section, at 
0^ C. It has never been legalized in this country but is still 
employed in technical work to some extent. 

ELECTRICAL HEASURINQ INSTRUMENTS. 

Important Principles. When an electric current passes in a 
conductor, the current causes the same to be surrounded by a mag- 
netic field or by magnetic lines of force. These magnetic lines 
encircle the conductor and their direction depends upon the direo- 
tion of the current. 

Owing to the presence of these » 

magnetic lines a pivoted magnetic 
needle will be deflected when 
placed near the conductor and will 
tend to set itself at right angles to 
the same. This phenomenon is 
illustrated in Fig. 1, the arrows 
indicating the direction in which * 

the needle will turn. This direction depends not only upon 
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the direction of current, but also whether the needle is above oi 
below the wire. If the direction of the current was from right to 
left ir. Fig. 1, then the needle would be deflected in an opposite 
direction to that indicated. If the needle was above the wire and 
the direction of the current remained as shown, then the needle 
would be deflected again in an opposite direction. 

A convenient rule for remembering the direction of these 
movements is that suggested by Ampere, which is as follows: Sup- 
pose a man swimming in the wire with the current, then if he 
faces the needle, the north-seeking pole will be deflected towards 
his left hand. 

If the wire passes over the needle and then back under 
it, as shown in Fig. 2, the effect of the current in both parts 
of the wire will be to deflect the 
needle in the same direction. This 
will be clear by applying Ampere's 
rule to the upper and lower parts of 
the wire, the north-seeking pole in 
each case being deflected as shown. 
By passing the wire around the 
needle several times, or m other words 
by suspending the needle at the 
center of a coil of wire which carries a current, the deflection of the 
needle will be much increased, as the effect of each turn is added 
to that of the others. 

This may be more fully understood by considering Fig. 8. 
When no current is passed through the coil, the needle will come 
to rest and place itself parallel to the lines of force of the earth's 
magnetism. The direction of these lines is nearly north and 
south. Suppose the coil to be placed parallel to the needle and 
the current then passed through the coil. The needle will come 
to rest in an oblique direction which will be the direction of th^ 
resultant field due to the current in the coil and to the earth's 
magnetism. The less the strength of the earth's magnetism and 
the greater the strength of the field due to the current in the coil, 
the greater will be the deflection of the needle towards a position 
at right angles to the coil. Hence the deflection may be increased 




Fig. 2. 
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Fig. 8. 



by increasing the number of turns or length of wire in the coil, 
and by increasing the current. 

Another phenomenon upon which many electrical instruments 
depend is the deflection of a coil carrying a current. Such a coil, 
as we have learned, is surrounded by a field similar to that of a 
magnet, and therefore if it is 
free to turn, it will take up a 
position such that the magnetic 
lines passing through it due to 
the current, and the magnetic 
lines of the earth's magnetism 
will coincide in direction ; that 
is, the coil will move so as to 
include a maximum number of 
lines of force. The ends of the 
coil will then point in a direction which is nearly north and south as 
is the case with a compass needle. If the coil is in the neighborhood 
of apowerful magnet the earth's magnetism will then have practically 
no effect and the position of the coil will be almost entirely 
influenced by the magnet. The movement of the coil may 1>* 
caused by a field produced by another fixed coil as well as by a 
permanent magnet. 

Qalvanometers. Galvanometers are instruments used for 
determining the strength or presence of an electric current. These 
'instruments were formerly the only ones used to measure current 
strengths, and are still largely used in the electrical laboratory for 
accurately determining the strength of very small currents. 

There are two general forms of these instruments ; in one the 
strength of current is determined by the deflection of a magnetic 
needle suspended at the center of a coil of wire through which the 
current is passed ; in the other the current strength is determined 
by the deflection of a movable coil carrying the current and which 
is suspended between the poles of a fixed permanent magnet. 

Tangent Qalvanometer. This form of galvanometer consists 
of a coil of wire of many turns and of large radius having a mag- 
netic needle supported or suspended at its center, as indicated in 
Fig. 4. For accurate results the diameter of the coiPmust be 
at least ten times the length of the needle. The needle is usually 
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about one-half an inch in length and in order that its deflectionB 
may be easily determined, it carries a long light pointer which 
swings over a graduated circle. In using the instrument care 
must be taken to have the plane of the 
coil in a vertical position and' parallel to 
the lines of force of the earth's magnetism. 
Sine Galvanometer. The sine gal- 
vanometer is similar in construction to the 
tangent except that the coil is movable 
about a vertical axis. Also the length of 
the needle maybe considerably greater thus 
making the instrument more sensitive. In 
measuring current strength by the sine 
galvanometer the coil is first placed parallel 
^' ' to the needle as in the case of the tangent 

galvanometer, and the needle is then deflected by the passage of the 
current. The coil itself is next turned about its vertical axis until it 
is parallel with the deflected needle. Knowing the amount of deflec- 
tion from the original position the value of the current may be 
determined. # 

Astatic Qalvanometer. This is a very sensitive form of 
galvanometer owing to the use of what is known as an astatic pair 
of needles. If two magnetic needles of equal strength and length 
are held together with their opposite poles next to each other, as 
indicated in Fig. 5, they will be independ- 
ent of the earth's magnetism. One needle 
will be acted upon to the same degree as 
the other, and as they are opposite there 
will be no resultant effect. Hence, if the 
pair is suspended by a fine silk fibre the 
needles may come to rest in any position. 
Owing to the difficulty of magnetizing two 
needles to exactly the same strength, and of 
joining them together so that they are parallel, such a pair of needles 
will have a slight tendency to point north and south. If a coil of 
wire is wound about one of the needles, as shown in Fig. 5, the pair 
may be deflected by the passage of a very feeble current in the coil. 
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Fig. 6. 



The current passing below one of the needles and above the other. 
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tends to deflect both in the same direction ; and as the action of 
the earth upon them is very slight the deflection may be very 
great. When the deflection is small the current is proportional to 
the amount of deflection, hence if it is known that a certain cur- 
rent deflects the pair 4°, then a current deflecting the needle 8® 
will have twice the strength. 

Thomson or flirror Qalvanometer. This is the most sensi- 
tive form of galvanometer, and is illustrated in Fig. 6. The 
galvanometer is supported on three screw feet by which the instru- 
ment may be leveled. The needles which are usually pieces of 
steel watch-spring, form an astatic system and may consist of two 
or more combinations. A small concave mirror is attached to the 
upper combination and the whole is suspended by a very fine silk 
or quartz fibre. A permanent magnet called the control or field 




Fig. 6. 

magnet is supported above the galvanometer as shown. This may 
be placed so as to counteract the earth'^s magnetism, and as it is 
nearer the upper needle it also serves as a directing or controlling 
magnet. If the field magnet is removed the magnetic system of 
needles will come to rest bs directed by the earth's magnetism 
since the system cannot be perfectly astatic. The field magnet 
may then be lowered in position until the earth's magnetism is 
counteracted. It is then slightly raised, permitting a feeble direc- 
tive force to act on the system. Deflection will then take place 
with an exceedingly small current passing through the coil. 

In using this instrument a line of light from a lamp is thrown 
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on the concave mirror of the galvanometer which reflects it to a 
graduated scale, as shown in the figure. The scale may be about 
8 feet in length and situated about the same distance from the 
galvanometer. The current is approximately proportional to the 
deflection of the light on the scale when this deflection is small. 

Usually one coil is used, one of the needles being suspended 
at its center. The coil is divided vertically into two separate parts 
to give access to the needle and mirror. For greater sensitiveness 
two coils may be used one above the other, each of which has one 
needle of the astatic pair suspended at its center. As each coil is 
divided into two parts, such an instrument is usually called a four- 
coil galvanometer. 

Differential Qalvanometer. This galvanometer is used for 
the purpose of comparing two currents. One coil may be used 
having two similar independent windings or there may be two sep- 
arate coils. If equal currents are passed through the windings in 
opposite directions the resultant effect on the needle at the center 
will be zero, and there will be no deflection. If the currents are 
unequal the deflection will be proportional to the difference 
between them. A Thomson galvanometer may be made differen- 
tial by connecting the coils so that the current passing through 
one set will be opposite to that passing through the other. 

Ballistic Qalvanometer. The needle of this galvanometer is 
so constructed as to have a slow period of oscillation, and there- 
fore may be used to measure the strength of currents which are of 
short duration. The charge of a condenser may be measured by 
discharging it through this form of galvanometer. As the needle 
is slow to turn the varjdng impulses of the current of discharge 
are allowed to produce their full effect. The quantity of electricity 
flowing through the coil is determined from the maximum deflec- 
tion of the first swing. 

D'Arsonval Qalvanometer. The D'Arsonval galvanometer is 
quite different from preceding forms in that the coil is suspended 
and deflected by the passage of a current. The arrangement is as 
shown in Fig. 7. The coil through which the current passes is 
suspended between the poles of a strong, permanent, horse-shoe 
magnet. The coil consisting of very fine wire is wound upon a 
small rectangular frame and is suspended by thin platinum silver 
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Fig. 7. 



strips. The current is passed into and out of the coil through 
these strips. A small concave mirror is usually carried above the 
coil as the deflection may then be more accurately determined. 
Within the coil is fixed a cylindrical soft iron core which serves 
to concentrate the lines of force passing 
between the poles, and thereby produces 
a strong magnetic field in which the coil 
moves. The tendency of the coil to turn 
so as to include the greatest number of 
lines of force when a current is passed 
through it, is resisted by the toreion of the 
suspending wires. The deflection pro- 
duced is directly proportional to the cur- 
rent, the number of turns and the intensity 
of the magnetic field. The magnet is built 
up of laminations of hardened steel which 
is treated so that it will maintain the 
strength of its magnetism. 

The D'Arsonval galvanometer has several important advan- 
tages over the Thomson and has largely replaced the latter. 
Owing to its strong magnetic field this galvanometer is not 
affected by the magnetism of the earth or other external magnet- 
ism. It may therefore be used in close proximity to dynamos or 
other machines without being affected by them. AS the factors 
upon which the deflection depends may be made invariable for long 
periods of time, there is no necessity of frequently testing the 
instrument. 

Shunts. If a current is passed through a galvanometer and 
a very large deflection is produced, there is liable to be a large 
error in determining the strength of the current, as accurate results 
are only obtained when the deflection is small. Moreover if a 
large current is passed through the coil, the instrument will be 
injured. It is therefore customary to use a shant about the gal- 
vanometer. Part of the current then passes through the galva- 
nometer and part through the shunt, the division of current being 
inversely as the resistances of the two branches. If the resistances 
of the shunt and galvanometer are known then the total current 
may be easily calculated. For example if it was found that .008 
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ampere flowed through the galvanometer and that the shunt resist- 
ance was -^^ of that of the instrument, then the total current would 
be .8 ampere ; for the current passing through the shunt was 99 
times as great as that through the galvanometer and the total 
current is the sum of the two, or 100 X -OOS = .8 ampere. 
Shunts for galvanometere are adjustable so that the ratio of their 
resistance to that of the galvanometer is equal to ^^^, ^^, or -^ 
as desired. With these ratios the total current passing will be 
respectively equal to 1,000, 100, or 10 times the value of that 
passing through the galvanometer. 

When taking a measurement the shunt should be adjusted so 
that only a small portion of the current is at first allowed to pass 
through the galvanometer. If the deflection is too small the 
resistance of the shunt may be increased until a suitable deflection 
is obtained. When the shunt circuit is broken the total current 
passes through the galvanometer obtaining the maximum deflection. 

The number by which the current passing in the galvanome- 
ter is multiplied to obtain the total current is called the multiply' 
ing power of the shunt This is equal to one plus the ratio of the 
galvanometer resistance to the shunt resistance. 

Voltmeters. Voltmeters {ire instruments used for measuring 
the potential difference between two points in a circuit. They are 
provided with a scale graduated in volts over which a pointer is 
deflected ; the position of the pointer indicating the potential differ- 
ence. In many cases voltmeters depend upon the same principles as 
galvanometei-s. If a high resistance is connfeeted in series with the 
coil of a galvanometer, only a small current will pass when the 
leads from the coil and resistance are connected to points differing 
greatly in potential. The current will vary directly as the poten- 
tial difference and the deflection of the needle will therefore be 
proportional to this difference. 

Weston Voltmeter. This instniment is very much used and 
is similar to the D'Arsonval galvanometer. The permanent mag- 
net is horizontal instead of vertical, and is similar in shape to the 
outline of the brass case which encloses the working parts. The 
magnet is provided with pole pieces which are carefully shaped, 
allowing the air gap between them and the coil to be small. Fig. 
8 illustrates the arrangement. Between the pole pieces iV and S 
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is fixed a cylindrical piece of soft iron E serving to conduct the 
lines of force. The coil F^ which is wound upon an aluminum 
frame, is supported by jewel bearings in- 
serted in fixed brass cups A and B. A 
directive force is given to the coil by two 
delicate springs Cand D which are opposed 
to each other. The coil carries a light 
pointer which swings over a scale grad- 
uated in volts. A high resistance is en- 
closed within the case of the instrument 
and is connected in series with the coils, 
the current being led to and from the 
coil through the springs C and 2>. 

A Weston portable voltmeter is 
illustrated in Fig. 9. The lower right- 
hand binding post is for the positive 
terminal. If the negative terminal is con- 
nected to the lower left-hand binding post 
the upper graduation of the scale is used and readings may be 





Fig. 9. 

taken up to 150 volts. If the negative terminal is connected to 
the binding post marked 16, then the lower graduation of the 
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scale is used, the maximum deflection indicating 15 volts. When 
the latter connection is made the resistance of the instrument is 
only one tenth of what it is in the former case. The current in 
the coil (for the same voltage) is therefore ten times as great and 
the deflection ten times as much. The total resistance of the 
instrument is about 1 7,000 ohms. This voltmeter can be used for 
ver,- high voltages by connecting a large resistance in series. If 
a resistance ten times that of the voltmeter is connected in series 
with the instrument, the deflection will only be one tenth of what 
it would be without this resistance, and hence the maximum 
deflection will indicate 1,500 volts. 

Ammeters. The only essential difference between a volt- 
meter and an ampere-meter or ammeter, is in the resistance of the 
instrument. In a voltmeter it was desired that it should have a 
veiy high resistance so as to take only a very small current and 
therefore consume only a small amount of energy. In measuring 
current strength however, the ammeter must be connected in 

series in the main circuit, and 




Fig. 10. 



hence it is desirable that its 
resistance should be as low as 
possible so that the energj' 
consumed (T^ M') will be 
slight. The scale of the am- 
meter is graduated to indi- 
cate amperes directly. 

The Weston ammeter is 
veiy similar in form and con- 
struction to the voltmeter, 
except that in the former 
instrument the moving coil is 
connected in parallel with a 



low resistance shunt through which the main current passes. There- 
fore the greater the main current, the greater will be the current 
passing through the coil. The Weston instruments are generally 
recognized as the most accurate on the market. Besides the form of 
instrument illustrated in Fig. 9, the Weston voltmeters and amme- 
ters are made in a form for station use, A station ammeter is 
illustrated in Fig. 1 0. The connections to the instrument are made 
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at the back of the switchboard. The instrument illustrated has 
a translucent scale which is illuminated by an incandescent lamp 
supported in the rear. 

Electromasrnetic Ammeters. Many ammeters have been 
constructed upon the principle of the electromagnet. The Edison 
pendulum ammeter is a simple example of this class. The aiTange- 
ment is illustnited in Fig. 11. When the current to be measured 
is passed through the coil it draws in the soft iron core (7, which 




Fig. 11. 

is pivoted at P. The needle is fixed to the core piece at P. The 
core is drawn into the coil against the force of gravity, the weight 
TT serving as an adjustment. The greater the current in the coil, 
the greater is the deflection of the needle. 

Instruments of this type are not veiy accurate especially at 
low readings. There is some error due to hysteresis in the iron 
core, which causes the readings to be too low for an increasing cur- 
rent and too high for a decreasing current. The advantages of 
this form of ammeter are simplicity and cheapness. 

Current Balance. The Kelvin current balance is a very 
accurate instrument for measuring current strength. It depends 
for its action upon the force of attraction or repulsion exerted 
between coils carrying a current. It consists of six coils two of 
which A Am Fig. 12 are movable, and four, B B B B are fixed. 
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llie movable coils may be considered as the scale pans of a balance, 
being supported at the ceiiter C. The current passes through all 
of the" coils in series, the direction being such that the mutual 
action causes one of the movable coils to rise and the other to 




At 




descend. This tendency is balanced by a sliding weight on the 
arm, the position of the slider when the arm is horizontal indicat- 
ing the strength of current. 

Electrodynamometer. This instrument is also used to 
measure the strength of current by the mutual 
action of two coils carrymg the current. The 
Siemens dynamometer represented in Fig. 18, 
is one of the oldest and simplest of these. 
It consists of two coils A and B at right angles 
to each other, through which the current passes 
in series. One of the coils, -4, is movable 
and is supported by a pivot bearing. A 
spiral spring C is attached to this coil and tc 
the torsion head D, The current is intro- 
duced through mercury cups in which the 
terminals are immersed. This coil carries a 
pointer which extends up and over a circular 
scale. The torsion head also carries another 
pointer. When a current is passed through 
the coils, the movable one tends to move so 
as to include the greatest number of lines 
of force and to set itself parallel to the fixed 
coil. The torsion of the spring opposes this 
movement. The torsion head is then turned until it exactly 
counterbalances the turning moment of the coil, which is indicated 
when its pointer is at the zero reading of the scale. The angle 
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through which the torsion head is turned, as indicated by the 
pointer, varies directly as the square of the current strength. The 
scale may be graduated to read directly in amperes. 

This instrument is serviceable for alternating currents as well 
as direct, and has the further advantages of being very accurate 
within certain ranges and of being very free from variable errors. 

Cardew Voltmeter. The principle of this instrument depends 
upon the heating effect of a current. A current passing in a wire 
heats it and causes it to expand. In the Cardew voltmeter 
the expansion and contraction of a long fine platinum silver wire 
is made to move a pointer over a scale graduated in volts. The 
greater the potential difference at the ends of the wire, the greater 
will be its current and the more it expands. The voltmeter may 
be used for either the direct or alternating current as the heating 
effect is the same. The instrument is subject to many erix)rs and 
requires therefore the greatest care in its manufacture. It is 
somewhat awkward to* use as it is about three feet in length. 
Another objection is the comparatively large amount of energy it 
consumes. 

Electrostatic Voltmeters. The principle that two oppositely 
charged bodies attract each other is applied in the electrostatic 
voltmeter. The Thomson vertical electrostatic voltmeter is shown 
in Fig. 14. It consists of two fixed parallel metallic plates -A, 
between which is the movable plate B. The plate B is paddle 
shaped and supported by two knife edges at its center. This plate 
carries a pointer which swings over the scale, and is weighted 
at the lower end to give it a directive force. To measure the dif- 
ference of potential between two points, the fixed plates are electri- 
cally connected to one point and the movable plate to the other. 
The two fixed plates then become charged with say positive 
electricity, and the movable plate with negative electricity. The 
plate B is then attracted toward the fixed plates, and deflected 
from the vertical position to an extent depending upon the differ- 
ence in potential between them. The force of attraction varies as 
the square of the difference of potential. The scale is graduated to 
read directly in volts. It is immaterial whether the fixed plates 
are charged positively and the movable plate negatively or if the 
revei-se is the case. The force of attraction in each case is the 
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same. The instrument may therefore be used equally well for 
alternating or direct currents. 

The electrostatic voltmeter is useful only in measuring poten- 
tial differences greater than 50 volts. They cannot be made 
delicate enough to measure below that figure with accuracy. They 
are however, specially desirable in nleasuring high potential differ- 




Fig. 14. 

ences. They are simple in construction and have the great advan- 
tage that they consume no energy, since no current passes through 
the instrument. 

Wattmeters. The power consumed in a circuit supplied 
with a direct current is equal to the product of the amperes and 
E. M. F. in volts. An instrument which measures electrical energy 
must, therefore, take these two factors into consideration. 

The Siemens electrodynamometer may be adapted to measure 
the numl)er of watts consumed in a circuit by having one of the 
coils serve the purpose of a voltmeter, and the other that of an 
ammeter. If one of the coils is made of high resistance, having a 
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large number of turns of fine wire and shunted across the circuit 
terminals, and the other coil made of low resistance, having a few 
turns of coai-se wire and connected in series with the circuit, then 
the mutual action between them will be proportional to the pro- 
duct of the volts and amperes. The angle through which the 
torsion head must be turned to bring the movable coil back at 
right angles to the fixed coil will be proportional to the energy 
suppUed to the circuit. The scale may be graduated to read di- 
rectly in watts. 

This instrument is more useful in alternating current work 
than for direct currents. Multiplying the voltmeter and ammeter 
readings together will give the correct number of watts only in 
the case of the direct current. With the alternating current this 
product must be further multiplied by what is known as the power 
factor. The determination of the value of this power factor is 
somewhat difficult. The wattmeter, on the other hand, gives the 
true watts directly, and, therefore, is v^ery convenient for alternat- 
ing currents 

Recording fleters. Electrical instruments are sometimes 
made to give a continuous record of the volts, amperes, or watts 
of a circuit. This may be accomplished by attaching a pen to the 
indicating part of the instrument ; then if a strip or circular piece 
of paper is moved by clockwork beneath the pen, a line will be 
traced showing the volts, amperes, or watts at any time. These 
instruments cannot be made as sensitive as those which are not 
recording and are therefore less accurate. They also consume 
moi-e energy. 

The Thomson is one of the best recording wattmeters, and is 
a motor of simple construction. It consists of two coarse wire 
coils placed in series with, and a fine wire coll connected in 
shunt around, the circuit whose power is to be measured. The 
coarse wire coils form the field which causes the fine wire coil to 
revolve. The shunt coil is supported in bearings and its rotiition 
is proportional to the energy of the circuit. A copper disk is 
mounted on the same shaft as the shunt coil and rotates between 
the poles of a permanent magnet. The currents induced in this 
disk serve as a drag, the drag being adjusted to give a speed pro- 
portional to the watts supplied. The number of revolutions is 
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recorded by clockwork and the instrument is graduated to indi- 
cate watt-hours. 

Water Rheostats are very convenient for absorbing power 
during electrical tests and are easily made adjustable. A very 
sei^viceable form is illustrated in Fig. 15. It consists of a stout 
barrel containing water through which the current is passed. The 
current is introduced through the insulated wire -4, which is 
attached to a terminal plate 2>. From this plate the current 
passes to plate C and through the main J?. The plates may be of 
perforated iron ; a stove grate serves very 
well as it gives a large surface contact. To 
the wire B is attached a cord passing over 
pulleys and having a counter-weight at its 
other end. The plate C may then be raised 
or lowered and will remain in any desired 
position. The resistance of the rlieostat 
depends, of course, upon the distance between 
the plates. Small pieces of wood should be 
attached to one of the plates to prevent them 
from accidentally coming into contact, and 
.so producing a short circuit. The conduc- 
tivity of the water may be gi-eatly increased 
by the addition of sodium carbonate or sulphuric acid. A rheostat 
constructed as above is capable of absorbing about 10 H. P. 

Cartion Rheostats. These rheostats consist of a series of car 
bon blocks or plates in contact with each other througli which the 
current is passed. They are supported by some insulating mate- 
rial such as slate, and arranged so that by turning a hand-wheel 
the blocks may be pressed closely together or allowed merely to 
touch. Their resistance is varied In this manner as the closer the 
plates the less is the resistance. A very exact adjustment may be 
obtained by the use of these rheostats. Heating caused by the 
continued passage of a current decreases their resistance. 

Wire Rheostats usually consist of German silver wire sup- 
ported on a frame and arranged so that the whole or parts may be 
included in a circuit. This is accomplished by making contact at 
different points along the wire, either by a switch or by sliding 
clips. 




Fig. 16. 
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The wires are sometimes strung or wound on wooden frames, 
and their cariying capacity is then limited by the charring of the 
wood. A current of two amperes passing through No. 28 German 
silver wire and a current of eleven amperes through No. 19 wire 
will cause charring of pine wood. 

Wire rheostats which are to carry large currents should not 
be boxed in, as the free access of air greatly increases the carrying 
capacity. By immersing wires in an oil bath, their carrying 
capacity may be increased about four times. Overheating can be 
prevented by running cold water through pipes immersed in the 
oil. 

Lamp Rheostats. Incandescent lamps are often used as a 
means of absorbing power or of obtaining a certain E. M. F., or 
current strength. Such a rheostat may consist of any number of 
lamps arranged so that they may be connected in series or in 
parallel between mains. The greater the number connected in 
parallel the greater is the current taken from constant poteniial 
mains. 

RESISTANCE MEASURETIENT- 

Measurement of resistance is made by comparison with certain 
standards of known resistance, the different methods of measure- 
ment varying to a great degree. The standard resistance coils are 
made of such alloys as German silver, 

platinum silver, or platinoid. These -^-.S ^ ^ vm ^^^ 
alloys have a high specific resistance ' — *- 
and change their resistance with rise 
in temperature to a much less extent A^ 

than other metals. It is of course *^Flff. isT 

desirable that this change should be as 
small as possible. The size and length of the coils are such that 
they have resistances of a definite number of ohms at a certain 
temperature. The coils are insulated with silk or paraffined cot- 
ton and are very carefully wound. Each wire is doubled on itself 
before being coiled up, and then wound as shown at A and B in 
Fig. 16. Self-induction and consequent sparking on opening and 
closing their circuit is thus avoided. The ends of the coils are 
soldered to brass pieces as (7, i>, E, Removable conical plugs F 
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and G of brass are ma<le to fit accurately between the brass pieces. 
When these are inserted as sliown, the coils will be short circuited 
and a current will pass directly tlirough (7, F^ 2>, Q- and E with, 
out going through the coils. If F is withdrawn the coil A will 
then be inserted in the circuit ; if fl^ is also withdrawn then coils A 
and B will both be inserted, as the current cannot pass from C to 
E without going through the coils. 

Resistance boxes are constructed consisting of a large number 
of resistance coils, and of sucli resistances that by withdrawing 
plugs varying resistances may be built up. A common form of 
resistance box has coils of the following ohms resistance : 1 , 2, 2, 
5, 10, 20, 20, 50, 100, 200, 200, 600, 1,000, 2,000. A resistance 
of 497 ohms could be made up by withdrawing plugs correspond- 
ing to the coils 200+ 200 + 50 + 20 + 20 + 5 + 2 = 497, or 
768 by coils 600 + 200 + 50 + 10 + 5 + 2 + I = 768. 

Resistance by Substitution. By Ohm's law the greater the 
resistance inserted in a circuit the less becomes the current, pro- 
vided the E. M. F. remains constant. This gives us a simple 
although not very accurate metliod of measuring electrical resist- 
ance. If a battery of constant E. M. F., the unknown resistance, 
and a simple galvanometer are connected in series, the strength of 
the current passing will be indicated by the latter. Suppose the 
unknown resistance to be replaced by known resistances, enough 
resistance coils being inserted so that the deflection of the galva- 
nometer needle is the same as when the unknown resistance was 
in circuit. The current will then be the same, and as the E. M. F. 
remains unchanged, the resistances must be equal in each case. 
The sum of the known resistance coils inserted will then be equal 
to the unknown resistance. 

The advantages of this method are that it is rapid, and that 
only crude apparatus is required, as the galvanometer and resist- 
ance box can be very simple in form. The resistance of the bat- 
tery and galvanometer should be but a few ohms, otherwise small 
resistances cannot be measured closely. Only small currents 
should be used so that the error from heating may be negligible. 

Wheatstone Bridfi^e. All ordinary measurements of resist- 
ance are usually made by use of the Wheatstone bridge. 
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The principles of this instrument will be understood from Fig. 
17. There are four arras to the bridge with the resistances M^ N^ 
Xj and P. From the points of junction A and (7, wires connect 
with a battery E. A galvanometer Q- is connected between the 
junction points B and i>. The current from the battery divides 
at A and passes through the resistances M and JT, and N and P, 
uniting again at (7. The fall of potential between A and C must 
of course be the same in amount through the resistances Jtf and X 




Fiii. 17. 

as through N and P. If no current passes through the galvanom- 
eter then the points B and D will be at the same potential, and 
there will be the same fall of potential in the resistances J!f and iV, 
and in the resistances X and P. Under these circumstances the 
ratio of the resistances of M to N will be the same as X to P, or 

N P* 
If M^ iV, and P are known resistances, the resistance of X is 
readily found by the formula, 

X=fxi>. 

The method of using the bridge will be better understood from 
Fig. 18. The bridge arm JfcThas coils of 1, 10, 100 ohms resist- 
ance, and arm iV coils 10, 100, 1000. The series of coils P for 
obtaining a balance usually has resistances of 1, 2, 2, 5, 10, 20, 20, 
60, 100, 200, 200, 500, 1,000, 2,000 ohms, but coils up to 100 
only are shown. There is a key K in the galvanometer circuit 
and a key -ET in the battery circuit. The battery key S should 
always be closed before the galvanometer key K^ and should be 
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kept closed untU after K is opened. This not only insures 
steadiness in all currents when the galvanometer circuit is closed, 
but also protects the galvanometer from self-induction currents 
which would occur if the battery circuit were closed after that of 
the galvanometer. A reflecting galvanometer is used in making 
accurate measurements. 

In making a measurement of an unknown resistance it is first 
necessary to gain a knowledge of its approximate resistance. For 
this purpose the 100-ohm plug is withdrawn from both arms M 




Fig. 18. 

and N^ the unknown resistance being connected at X. The ratios 
of ilf to iVwill then be unity, and hence for a balance the number 
of ohms required in the resistance coils P will be the same as the 
resistance X The 1,000-ohm plug in P should first be drawn and 
the keys depressed in their proper order for an instant only. The 
galvanometer needle or mirror, as seen by the light reflected on 
the scale, is deflected — say to the right, and the resistance is 
probably too large. The plug is replaced and the 1-ohm coil with- 
drawn. On depressing the keys suppose the spot of light is 
deflected to the left. Then the 1-ohm is too small and tlie 1,000 
ohms too large ; also in this case deflections to the right mean that 
the resistance inserted is too large, and deflections to the left 
mean that the resistance inserted is too small. The 1-ohm plug 
is now replaced, and 500, 200, etc., are successively tried until it 
is found that 12 ohms is too large and 11 ohms too small, that is, 
the unknown resistance is between 11 and 12 ohms. 

Suppose that it is desired to find the correct value of the 
unknown resistance to the second place of decimals. The ratio of 
the arms ilf to iVmust then be changed so that the resistance coils 
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P will have .a value of between 1,100 and 1,200 ohms when a 
balance is obtained. The ratio of X to P will then be 11 to 1,100 
approximately, or about 1 to 100. To obtain a balance the ratio 
of the aims Mto N must also be 1 to 100. Hence the 100-ohm 
plugs withdrawn in the first determination are replaced and the 
10-ohm plug withdrawn from ilf and the 1,000-ohm plug from N 
giving the required ratio. The same ratio could be obtained by 
withdrawing the 1-ohm plug in JIf and the 100-ohm plug in N. 

The bridge is now arranged for the final measurement. As 
the resistance in P will now be over 1,100 ohms, the 1,000 and 
100-ohm plugs are first removed. Suppose the 50-ohm plug to be 
also removed, and a deflection to the right shows that this is too 
great. The plug is replaced and 20 withdrawn, which proves to 
be too small. The next twenty plug is also withdrawn and a de- 
flection to the left shows the resistance to be still too small. The 
5, 2 and 2-ohm plugs are successively withdrawn, the last two 
ohms proving to be too great. This is replaced and the 1-ohm 
plug withdrawn, and suppose no deflection is then obtained. The 
total number of ohms in P is noi- 1,000 + 100 + 20 + 20 + 6 
+ 2 + 1 = 1,148. The value oi Xis therefore 4^^ X 1,148 
= 11.48 ohms. 

The above example illustrates the general method of using the 
bridge. Usually the resistance to be measured is known approxi- 
mately and the required ratio between jtfand jYcan be determined 
without making a preliminary measurement. The possible changes 
in the ratio between J!f and iV gives the bridge a great range of 
measurement. When M]a 1 and iV^is 1,000 ohms, measurements of 
resistance as small as .001 ohm may be made. Bridges are usu- 
ally arranged with a reversing key so that ilf and iVmay be inter- 
change4, hence J!f could be 1,000 and N 1, and measurements of 
resistance as high as 4,110,000 ohms could be made with the 
bridge we have considered. 

Portable Testing: Set. There are many different varieties of 
bridges and their form always differs from that of the diagrams 
in Figs. 17 and 18. A portable testing set including Wheatstone 
bridge, galvanometer, battery, and keys, is illustrated in Fig. 19. 
The rheostat of the bridge is made up of coils, 16 in number, of 
denominations 1, 2, 3, 4, 10, 20, 30, 40, 100, 200, 300, 400, 1,000. 
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2,000, 8,000, 4,000 ohms — 11,110 ohms in all. Bridge coils are 
1, 10, and 100 on one side and 10, 100, and 1,000 on the other. 
A reversing key admits of any ratio being obtained in either direc- 
tion so that the range of the set is from .001 to 11,110,000 ohms. 




Fij;. 19. 

It is, however, impossible to construct a portable galvanometer of 
sufficient sensitiveness for these measurements, and the actual 
limits are from ,001 ohm to 300,000 or 400,000 ohms. 

The reversing key, shown in Fig. 





20 consists of the blocks -Jf, iV, P, 
and Xand two plugs which must both 
lie on one diagonal or the other. The 
^' ^' blocks are connected with the resist- 

ances indicated by* their letters. In the left-hand figure M is 
connected with X and N with P, and the bridge arms have the 
relation 

M X y. M 

_=._,orX=_ 

In the right-hand figure ilf is connected with P and jRTwith JC, the 
bridge arms then having the relation 

N 



XP. 



or jr = 41 X P. 



M^ P_ 

N X' 

The advantages of having a reversing key in the bridge arms are ; 
the increase in range obtained, six coils being made to do the work of 
eight, and also that any error in the initial adjustment of the bridge 
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arms can be readily detected by having the two arms equal, balanc- 
ing and reversing. Unless the resistance of the coils inserted in 
JIf and JVare exactly equal, the system will be unbalanced after 
reversing. 

The galvanometer, the needle and scale of which are shown at 
the left in Fig. 19, is of the D'Arsonval type, and the coil is 
mounted in jewels. As this galvanometer is not affected by 
external magnetic fields or electric currents, it is suitable for 
dynamo or shop testing. The key for closing the galvanometer 
circuit is shown in front at the right. 

The battery is made up of six chloride of silver cells contained 
in the cell box at the right ; flexible leads allow the total number 
in use to be varied at will. The cells will last a number of months 
even with daily use. The flexible connecting cords have their 
terminal sockets combined with small binding posts so that con- 
nection may be made to an extra battery or other source of E. M. F. 
if desired. The left-hand key controls the battery circuit. 

A plan of the connections of this testing set is shown in Fig. 
21. The two lower rows of coils ^Y^-.-^^-.^^-^^-"— -^--^— -"*-— -^-ri 



(marked 1 to 4,000) are con- 
nected beneath the top at the 
right by a heavy copper rod and 
constitute the rheostat arm, or 
what corresponds to P. By 
withdrawing the proper plugs in 
these rows any number of ohms 
from 1 to 11,110 may be 
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Fig. 21. 



obtained. The upper row of coils consists of the two bridge arms, 
M'dt the left and JVat the right, with the reversing key between 
them. The two extremes of the upper row are joined by a heavy 
copper connection and correspond to the point A in Fig. 17. The 
upper block X of the reversing key is connected with the bind- 
ing post -B, the block P is joined to the left of the middle row 
of coils while the other end of the rheostat combination is con- 
nected with the binding post (7. The resistance to be measured is 
connected between the terminals B and (7. 

Example. — Suppose a balance is obtained with an unknown 
resistance connected between B and (7, when the plugs are with 
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drawn as shown ia Fig. 21. What is the value of the unknown 
resistance ? 

Solution. — The reversing key is arranged so that M is con- 
nected with P and N with JST, hence 

M _ P orX- -^y P 

In the figure If = 100, M = 10, and F = 2,000 + 1,000 + 400 
+ 800 + 100 + 30 + 3 + 2 = 8,885. Therefore 

X = J^ X 3,885 = 88,860 ohms. 

Ans. 38,850 ohms. 

Use and Care of Bridsre. Before beginning a measurement 
it is essential that each plug be examined to see that it is firmly- 
twisted into place, also in replacing a plug the same care should be 
used. A slight looseness will considerably increase the contact 
resistance and so introduce erroi-s in the result. For the same 
reason the plug tapers should be kept clean and the top of the 
bridge free from dust and moisture. Special care should be taken 
with the surfaces between adjacent blocks. The plugs should be 
handled only by their vulcanite tops, and care should be taken not 
to touch the blocks. 

The plug tapers may be cleaned with a cloth moistened with 
alcohol and then rubbed with powdered chalk of whiting. The 
powder should be entirely removed with a clean cloth before the 
plugs are replaced. Sand paper or emery cloth should never be 
used to clean the plugs or bridge blocks. If there are no idle 
sockets for the reception of the plugs when they are withdrawn, 
they should be stood on end or placed on a clean surface. 

Slide Wire Bridge. The principle of this bridge is illustrated 
in Fig. 22. The heavy lines represent heavy conducting straps of 
low resistance. There are binding posts at the ends of each sec- 
tion permitting resistances A, -B, li and ^ to be inserted as shown. 
Between the ends ODis stretched a German silver wire of uniform 
cross section. A battery and galvanometer are connected as shown. 
A balance is obtained by sliding the contact point U along the 
wire imtil a point is found when no current flows through the gal- 
vanometer. Under these conditions the potential at JS must be the 
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same as that at V and as in the Wheatstone bridge the ratio of the 
arms between the battery and galvanometer connections must be 
equal, hence 

The resistances a and b are easily obtained from the lengths 
of the sections of the wire given by a scale fixed near the wire ; 




Fig. 22. 

then if the resistances of A^ B^ and R are known that of JC may 
be calculated from the formula 

A-^a 

If A and B are replaced by straps of negligible resistance then 

the value of the unknown resistance may be found from the simple 

ratio, 

RiXi.aib, giving X = — X R. 

a 

Since the resistance of the wire is proportional to its length, 
the lengths of the sections a and ( may be read from the scale and 
substituted in the latter formula. 

This instrument is not well adapted for measuring resistances 
greater than a few hundred ohms. For very accurate measure- 
ments it is necessary to determine and allow for the resistances of 
the leads from AtoC and from B to B. 

Example. — If a balance is obtained with the bridge illustrated 
in Fig. 22, when a is 68.4 centimetres, b 31.6 centimetres, and R 
150 ohms, what is the value of X^ supposing A and J5 to be 
of negligible resistance ? Ans. 69.3 ohms approx. 

High Resistance neasurement. The standard and most 
approved method of measuring resistances greater than five or ten 
megohms is the direct deflection method. The main instruments 
required are a sensitive Thomson galvanometer of high resistance, 
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a variable shunt resistance for the galvanometer, a known resist- 
ance of at least .1 megohm, and a source of constant E. M. F, of 
100 volts or more. The connections are shown in Fig. 23. The 
known resistance R is first connected in series with the galvanom- 
eter ff and testing battery B^ through a key K, Care should be 
taken that the insulation of the apparatus be very high. The 
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Fig. 23. 

shunt S is adjusted to give a suitable deflection of the galvanometer 
and from this deflection what is known as the constant is calculated. 
The value of this constant is the resistance that must be inserted 
in the circuit to reduce the deflection to one scale division. The 
value of the constant is therefore equal to the product of the known 
resistance R^ the scale deflection rf, and the multiplying power of 
the shunt tw, or, constant = R d m. 

As an illustration suppose iJ = .1 megohm, d = 200 divi- 
sions and m = 1,000 ; then constant = .1 X 200 X 1,000 = 20,000 
megohms. This resistance would cause a deflection of only one 
division, for if m = 1,000, then if the full cuixent should be passed 
through the galvanometer, the corresponding deflection would be 
1,000 X 200 = 200,000 divisions, as the deflection may be con- 
sidered proportional to the current. The resistance producing this 
supposed deflection is .1 megohm, therefore the resistance which 
would produce a deflection of only 1 division would be 200,000 
X .1, or as found above 20,000 megohms. This follows from 
Ohm's law, for in order to reduce a deflection by j^^^j^^^^ the cur- 
rent must be reduced by ^xnr?^i7i7 ^^^ consequently the resistance 
inserted must be 200,000 times as great. This is true, however, 
only in case the E, M. F. applied remains constant. 

After the constant has been determined the known resistance 
R is replaced by the unknown i-esistance JSf. The galvanometer 
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shunt is readjusted if necessaiy and the deflection obtained is again 
noted. The value of the unknown resistance is then found by 
dividing the value of the constant by the product of the deflection 
dj and the niultipl3dng power m^ oi the shunt used. To continue 
our illustration suppose d^ = 50 divisions, and m^ = 10. The 
deflection, if the full current went through the galvanometer, would 
be 50 X 10 = 500 divisions. A deflection of one division is pro- 
duced with a resistance of 20,000 megohms, hence a resistance 
producing a deflection of 500 divisions must be ^J^^ of that; then 
Jf = ^'^^-^ = 40 megohms. These steps may be combined and 
the resistance given at once by the expression 

li in d 



x= 



< 



Example. — In a high resistance measurement by the above 
method the known resistance was .2 megohms, and gave a deflec- 
tion of 237 divisions, the multiplying power of the shunt being 
100. With the unknown resistance inserted, the deflection was 
178 divisions with the full current passing through the galvanom- 
eter. What was the value of this resistance ? 

Solution. — In the preceding formula jB = .2, m = 100, rf = 
237, and d^ = 178 ; also m^ = 1 as the shunt circuit was open. 
Therefore, 

^ .2 X 100 X 287 OA « I. 

Jl^= -^ -4rPi = 26.6 megohms. 

1 X 178 ^ 

Ans. 26.6 megohms. 

Voltmeter Method. Another method of measuring high 

resistance is tb.at in which a sensitive high resistance voltmeter 



— Wwvv 

Fig. 24. 

suoh as the Weston is used. This method, however, is not so 
accurate as the preceding and is not adapted to measurements of 
resistance greater than a few megohms. The voltmeter is con 
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nected in aeries with the unknown resistance and a source of 
constant E. M. F. as shown in Fig. 24. With such an arrange- 
ment the resistance Jif will be to the resistance of the voltmeter 
J2, as the volts drop in JSf is to that in the voltmeter. The drop v 
in the voltmeter is given by its reading and if the applied electro- 
motive force V is known, the drop in ^will be K— v. We 
therefore have the proportion, 

JT: B:: V—vxv^ 

and X= ^~^ X R. 

V 

The voltage FJ which should be at least 100, may be first deter- 
mined by measurement with the voltmeter. 

Example. — A voltmeter having a resistance of 15,000 ohms, 
was connected in series with an unknown resistance. The E. M. F. 
applied to the circuit was 110 volts and the voltmeter indicated 6 
volts. What was the value of the unknown resistance ? 

Solution. — Applying the preceding formula 
V = 110, v = 6, and iJ = 15,000, 
therefore 

X = ~ ^ X 16,000 = 260,000 ohms, or .26 megohms. 

6 

Ans. .26 megohms. 

Insulation Resistance. The measurement of insulation resist- 
ance is performed by either of the two preceding methods of meas- 
uring high resistance. The voltmeter method is the simpler, but 
since it cannot be used to measure resistances greater than a few 
megohms, the direct deflection method proves to be the more val- 
uable. The insulation of low potential circuits however, need not 
exceed five megohms, and in testing such circuits the voltmeter 
method may be used. If little or no deflection is obtained it is 
then evident that the insulation is at least several megohms, which 
is all that is desired. As the insulation of high potential circuits 
must be greater than five or ten megohms the direct deflection 
method should then be used. 

The connections in testing the insulation of a circuit by these 
two methods are similar to those shown in Figs. 23 and 24, the 
resistance JT being replaced by the insulation of the circuit. Thiff 
is accomplished by connecting one wire to the line and the other to 
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gFOond such as to a gas or water pipe. The insulation of the 
line from the earth is then included in the testing circuit ; the cur- 
rent passmg from the battery, or other source, through the volt- 
meter or galvanometer to line, from line through the insulation to 
ground, and then to the battery. 

The insulation of a dynamo, that is, the resistance between 
its conductors and its frame, is tested in a similar manner. This 
resistance should be at least one megohm for a 110 volt machine 
but two megohms is to be preferred and is customary. This insu- 
lation is measured by connecting one wire to the frame and the 
other to the binding post, brushes or commutator. The insulation 
is then included in the circuit. Insulation resistance decreases 
with increase of temperature so that this test of a machine should 
be made after a full load run of several hours. 

The E. M. F. used should be constant and of one to two 
hundred volts value. Secondary batterieS are the best for this pur- 
pose, but silver chloride testing cells are much used. The current 
decreases from its value, at beginning the test, because of the 
electrification or electrostatic charge of the insulation. For this 
reason the deflection should not be read until after a certain period 
of electrification — usually one minute. This action is quicker in 
some materials than in others, and is also greater at low than at 
high temperatures. 

Insulation Resistance of Wire. The direct deflection method 
is used to test the insulation of short lengths of wire. This is 
sometimes necessary during manufacture or to test the value of 
different samples. 

At least 200 feet of wire is used. This is made into a coil 
and immersed in a tank of water. A few inches of the ends of the 
wire are bared and twisted together ; a few feet extending outside 
the tank. One wire of the testing circuit is connected to the ends 
of the coil and the other to a metal plate also immersed in the 
water. The plate should be positive, and the current then passes 
from this through the water and insulation to the core of the wire. 
The galvanometer must be provided with a short circuiting key, 
which is always closed when the battery key is operated, allowing 
no current then to pass through the galvanometer. Cables in 
water act like condensers when charged or discharged, and the 
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large current would injure the galvanometer were it not short cir- 
cuited. 

The water should be at a temperature of 76® F,, which is 
generally accepted as the standard. A difference of one degree in 
the temperature will sometimes cause a difference of several per 
cent in the insulation resistance. The cable should remain in the 
water at least 24 hours before the test is made, and it is well to 
take minute readings of the galvanometer during the first five min- 
utes charging. The insulation resistance is usually calculated 
from the deflection taken at the end of five minutes charging 
The length of time immersed, temperature, E. M. F., and time of 
charging should always be stated in a report of a test. Knowing 
the insulation resistance and length of the sample, the insulation 
resistance per mile' is found by multiplying this resistance by the 
length expressed in miles. For example, if the insulation for a 
length of .3 mile was found to be '1,800 megohms, then for a mile 
of the cable the insulation would be only 1,800 X .3 = 640 
megohms, for of course the longer the cable, the less will be the 
insulation resistance. The insulation of a good cable should be 
from 400 to 1,000 megohms per mile. 

Example. — In measuring the insulation resistance of 250 
feet of wire by the direct deflection method, the deflection after 
five minutes charging of the cable was 16 scale divisions, the full 
current passing through the galvanometer. In determining the 
constant the known resistance was .1 megohm, and the deflection 
204 divisions, the multiplying power of the shunt being 10,000. 
Compute the value of the constant, the insulation resistance of the 
sample, and the insulation per mile. 

Solution. — As the constant is equal to the product of the 
known resistance, deflection and multipljdng power of the shunt, 
we have, 

constant = .1 X 204 X 10,000 = 204,000 megohms. 

The insulation of the sample is equal to this resistance 
divided by the product of the deflection after five minutes charging 
and the multiplying power of tlie shunt then used. As the full 
current passed through the galvanometer this latter quantity is 
anity. 
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The insulation is therefore 
204,000 



— ,— — = 18,600 megohniB. 
15 

The insulation per mile is 

OCA 

13,600 X S^^^ = 644 megohms (nearly). 

Resistance of Conductors. The conductivity resistance of 
telegraph lines, cables, etc., which are already installed, is Pleas- 
ured by use of the Wheatstone bridge. One end only of the con- 
ductor whose resistance is to be measured is then at hand, and this 
is joined to one of the terminals of the bridge while the other 
bridge terminal is connected to earth. The distant end of the wire 
is also connected to earth and the measurement then made in the 
usual manner. 

The earth resistance between the two ends of the wire is then 
included with the unknown resistance but the former is consid- 
ered negligible. There are two factors, however, which may lead 
to considerable error in the result ; first, the presence of earth cur- 
rents, and second, the connections to earth may be defective. 

When it is possible the loop test should be used. The distant 
ends of two wires are then connected together while the near ends 
are connected to the bridge terminals. The total resistance of the 
two wires is then measured. This method does not, however, give 
the resistance of a single wire. One of the best methods of obtain- 
ing this is the following : 

Three wires and three measurements are required. Let the 
resistances of the three wires J, 2 and 3 be respectively r^, rg, and 
rg . First wires 1 and ^ are looped at their distant ends and sup- 
pose their resistance is found to be -B^ ; next wires 1 and 3 are- 
looped and their resistance is found to be R^ ; finally rg and r^ are 
looped and their resistance is found to be -B3. , We then have 

r^+r^ = R^ 
r J + fj = R^ 

*'2 + ^3 = ^8 

Adding the equations and dividing by 2, we have 

I I R^ -V- Rn A- Rm 
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Therefore 
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The second terms of the last three formulas contain only 
known quantities and hence the required resistances may be readily 
calculated. 

The resistance of nearly all field coils of dynamos may be 
measured by use of the Wheatstone bridge. Shunt field coils of 
110 volt machines have a i^sistance of from about 5 ohms in large 
machines to 100 or 200 ohms in small machines. High voltage 
machines have a considerably higher shunt field coil resistance. 
The series coil of constant current dynamos have a resistance of 
1 to 20 ohms. On accotmt of the high self-induction of field 
coils the galvanometer key should not be depressed until some 
time after the battery circuit is closed. 

The armature resistance of most machines may be measured 
by the bridge, but it is usually much more convenient to use the 
*' fall of potential " method described below, measuring both cur- 
rent and voltage, and obtaining the resistance by simple division. 

Locating: Faults. The locating of faults in telegraph lines 
and cables often involves a number of measurements and consider- 
able calculation. The nature of faults are so varied tliat one or 
two methods cannot be applied to all cases. 

The kind of a fault which is easiest to locate is where the 
circuit is completely broken and the fault has no resistance. In 
this case the conductivity resistance of the wire to the fault may be 
measured, and dividing this by the conductivity resistance per 
mile gives the distance in miles to the fault. 

The location of faults in dynamos is easily accomplished by 
the drop or fall of potential method, A current from an independ- 
ent source is passed through the armature and connections, the 
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armature being restrained from moving. The leads from a low 
reading voltmeter are then applied to different sections of the cir- 
cuit. The readmg of the voltmeter gives of course, the drop in 
volts in the section included between its terminals. For example, 
the voltmeter leads may be successively applied to all adjacent 
segments of the commutator. The potential difference between 
adjacent segments should be equal; thus a short circuit would 
be readily located by a decrease in the voltmeter reading. 
When the current is passed through the field coils, the potential 
difference at the terminals of each field coil should be nearly equal. 
A poor contact vrill be at once indicated by an increase in the 
reading. 

If the current is taken from 110 volt mains, the shunt coils 
may be connected directly to them, but in testing the armature an 
additional resistance should be connected in series to prevent a 
short circuit. This extra resistance should be adjustable so that 
the current may be regulated. A water rheostat or bank of incan- 
descent lamps serve the purpose very well. 

Resistance of Batteries. A very convenient method of 
measuring the resistance of a cell or battery, is by means of an 
ammeter and voltmeter. The E. M. F. on open circuit is first 
measured by the voltmeter. Let this be U, The battery circuit is 
then closed through an ammeter and suitable resistance ; the value 
of the resistance being such that the output will be equal to the 
value desired. The readings of the instruments then give the 
current /, and the E. M. F. on closed circuit e. The drop of 
potential in the battery is then equal to U — «, which is the 
number of volts necessary to drive this current through the 
battery. Therefore, by Ohm's law, the resistance of the bat- 
tery is equal to — IZ — . 

Another method requires the use of a low reading voltmeter 
and resistance box. The electromotive force E of the battery is 
first measured by the voltmeter when the circuit is open. A known 
resistance R is then connected in series with the cell and the 
E. M. F. again measured. This voltage will be less than before, 
as some E. M. F. is lost in the cell itself. 

The drop in volts in the cell when the current is flowing is 
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equal toJS — e; the drop in the resistance It is equal to e, since 
iiiis voltage is lost in the external circuit. Then if ^ is the 
resistance of the cell we have the proportion, 

J^: B: : H — e : e^ 
as the resistances are proportional to the drop in volts. 

Example. — The E. M. F. of a Daniell cell on open circuit 
as measured by a voltmeter was found to be 1.08 volts. On closed 
circuit with an external* resistance of 15 ohms, the E. M. F. was 
.90 volts. What was the internal resistance of the cell ? 

Solution. — Here U = 1.08, e = ,90, and B = 15. Sub- 
stituting in the preceding proportion, we have, 
X:15 :: 1.08 — .90 : .90. 

Therefore, X= 3. Ans. 8 ohms. 

nBASURBriBNT OF ELECTROnOTIVE FORCE. 

This is most easily accomplished by connecting the leads 
from a voltmeter to the points between which the potential differ- 
ence is to be measured ; the voltmeter forming a shunt circuit. 
Weston portable voltmeters are to be recommended for accuracy 
and permanency, the average error usually being less than .2 volt. 

Potentiometer Method, This method is the standard for the 
accurate comparison of electromotive forces, and is used for check- 
ing standard cells against each other and for calibrating voltmeters. 




Fig. 25. 

The connections are shown in Fig. 25. The potentiometer 
P consists of a number of coils all connected in series giving a liigh 
resistance. A sliding contact piece C is adjustable along P as in 
the slide wire bridga and the resistance on either side of O may 



Digitized by 



144 



Google 



ELECTRICAL MEASUREMENTS. 48 

be read directly from a scale. A constant battery B having a 
^eater E. M. F. than that to be measured, is connected to the 
ends of the resistance P, the positive pole of the battery being con- 
nected to the left-hand terminal of the potentiometer. The positive 
pole of the cell D to be tested, is also joined to the left-hand terminal. 
The negative terminal of the cell is connected through a galva- 
nometer O- and a key to the contact piece C. A resistance S is 
connected in series with the battery B in order to reduce the 
potential difference across P to any desired amount. 

The determination is made as follows: 

Before testing the cell D a standard cell of known E. M. F. 
is first inserted in its place, and adjusted until there is no 
deflection of the galvanometer upon closing the key. The cell 
is connected so that its E. M. F. opposes that of the battery ; 
therefore, when no current flows through the galvanometer, the 
E. M. F. of the cell must be equal and opposite to the potential 
difference between the point C and the terminal at the left. The 
resistance 72 ^ included between these points is proportional to the 
potential difference. The standard cell is then replaced by the 
cell 2>, and C again adjusted until there is no deflection of the 
galvanometer. Let the resistance included be R, As the E. M. F. 
of each cell is proportional to the resistance included, we have, 
E. M. F. of cell : E. M. F. of standard cell : : R : B^. 

The values of R and R^ are given directly by the potentio- 
meter readings. 

Condenser Method. A very convenient method is that in 
which a condenser is used. A condenser is first cliarged by a 
standard cell and then discharged through a ballistic galvanonie. 
ter. The condenser is then charged by the cell to be tested and 
again discharged through the galvanometer. The E. M. F. of the 
cells are proportional to the deflections of the galvanometer. 

E. n. P, of Alternating Currents. As the E. M. F. of alter- 
nating currents changes from positive to negative and from nega- 
tive to positive many times a second, it is evident that the above 
methods which apply to direct currents cannot be adapted to alter- 
nating currents. Special forms of voltm ters and dynamometers 
are therefore necessary. 

The electrostatic voltmeter is very largely used in altemat- 
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ing current work. As the force of attraction between two plates 
is the same whether one is positive and the other negative, or one 
negative and the other positive, it is evident that this voltmeter is 
equally well adapted for alternating or for direct currents. 

The dynamometer is also used in alternating current work. 
For measuring E. M. F. the coils are given a high resistance or a 
high resistance is placed in series with them. The Weston alternating 
current voltmeter is of the dynamometer type. In this instrument the 
movable coil is mounted in bearings, the cun-ent being lead to and 
from the coil by watch springs as in the direct current voltmeter. 

Calibration of Voltmeters. The errors in a voltmeter scale 
which is already graduated, are very accurately determined by use 
of the potentiometer. The connections, shown in Fig. 26, are 
similar to those in Fig. 25 required in measuring E. M. F. The 




Via. 2G. 

voltmeter F'to be calibrated is connected across the ends of the 
potentiometer, which should have a resistance of at least 10,000 
ohms. A constant battery B which must have an E. M. F. greater 
than that of the highest reading of the voltmeter is also connected 
to the potentiometer terminals. The adjustable resistance S is 
used to regulate the E. M. F. applied to the terminals of the 
potentiometer. Standard cells (7, in series with a galvanometer 
are connected as shown, the positive pole of the cells and bat- 
tery are both connected to the same potentiometer terminal. A 
resistance should be connected in series with the cells and galva- 
nometer to prevent polarization during trial adjustments, and may 
be short circuited during the final adjustment. 

To calibrate a voltmeter, S is first adjusted unril a desired 
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deflection of the voltmeter is obtained. The contact key or slider 
is then moved until such a point is found that closing the key 
causes no deflection of the galvanometer. The E. M. F. of the 
cells then exactly balances the potential difference between the 
slider and left-hand terminal. The resistances r and R on either 
side of the slider are then read from the instniment, and the true 
potential difference across the ends of the potentiometer is calcu- 
lated as follows : The drop in volts in r is equal to the E. M. F. 
of the cells C. The drop in volts in ^ + r is the total E. M. F. 
available. As the drop in volts is proportional to the resistance, 
we have 

total H. M. F. : E. M. F. of C : : Jf +r :rj 
therefore 

total F.M.F.= :?_±_r x F.M.F.ofC. 

r 

Example. — In calibrating a voltmeter the shunt S was 
adjusted to give a voltmeter reading of 27.8 volts. Two standard 
cells were used each having an E. M. F. of 1.485 volts. The total 
resistance of the potentiometer was 10,000 ohms, and when a 
balance was secured the value of r was 1,040 ohms. What cor- 
rection should be applied to the voltmeter reading ? 

Solution. — In this case /? + r = 10,000, r = 1,040 and 
E. M. F. of C' = 2 X 1.436 = 2.87. Substituting in the pre- 
ceding formula, 

. total E. M.F. = ^^^ X 2.87 = 27.6 volts (nearly). 

The voltmeter reading is therefore too high by .2 volt. 

Ans. — .2 volt. 

By adjusting the shunt aS* the errors in various parts of the 
scale may be determined and a table of corrections made. 

If it is desired to graduate the scale so as to give correct read- 
ings a slightly different method is employed. In such a case the 
apparatus is adjusted to give a potential difference of a certain 
number of volts at the terminals of the potentiometer, and the 
position taken by the pointer of the voltmeter is marked that num- 
ber of volts. By succeeding adjostments other points are located 
along the scale, and this skeleton scale is then subdivided into 
smaller divisions. Suppose a reading of 10 volts is desired. By 
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ooving the slider, r is given such a resistance that r : 1 0,000 : : 
2.87 : 10, assuming the total i*esistance to be 10,000 ohms and 
that the standard cells have an E. M. F. of 2.87 volts. The value 
of r is then made equal to 2,870 ohms. The shunt S is then 
adjusted until there is no deflection of the galvanometer, which 
gives a potential difference at the voltmeter terminals of 10 volts. 
Similarly the correct position of the pointer for 20, 80, 40, etc., 
volts may be determined. 

It is desirable to use several standard cells in series at (7, as 
this gives a close average value and also gives larger readings on 
the potentiometer. When very accurate work is required the 
standard cells should be placed in a water or oil bath and a cor- 
rection for temperature made if necessary. 

The above method of calibrating voltmeters is that used in 
the laboratory for calibrating standard instruments.- Station volt- 
meters may then be calibrated by direct comparison with such 
standards. 

The Clark Standard Cell. The absolute unit of E. M. F. is 
that developed by a conductor when it cuts one line of force per 
second, and the practical unit or volt is equal to 10^ absolute units. 
In order to have some working standard, the volt is defined in 
terms of the Clark cell. In this cell the negative element^is a rod 
of pure zinc in a solution of zinc sulphate, and the positive element 
is mercury in a paste of mercurous sulphate and zinc sulphate solu- 
tion. This cell is the international standard of E. M. F. and if the 
standard directions for setting it up are followed, the E. M. F. of 
1.484 true volts will be obtained if the temperature is 16® C. The 
E. M. F. decreases slightly with an increase of temperature, and if 
the cell is at any other temperature, the correct E. M. P. is given 
by the formula F = 1.484 — .0011 (t — 15 ), where t is the tem- 
perature in degrees Centigrade. 

There are several other forms of cells used as standards, one 
of the most reliable being the Carhart-Clark cell, which is illus- 
trated in Fig. 27. Above a layer of mercury in the bottom of the 
cell is the mercurous sulphate and zinc sulphate solution. A piece 
of cork separates this from a solution of zinc sulphate above it, in 
which the zinc is immersed. The strength of this solution is deter- 
mined by the fact that it is satui-ated at 0® C. Contact is made 
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with the mercury in the bottom of the cell by a platinum wire pass- 
ing down through a small glass tube. The E. M. F. of this cell at 
15^ C* is 1.442 volts, the E. M. F. at other temperatures being 
given by the formula 

-& = 1.442 j 1 — .00089(^ — 15) j 

In the figure a Centigrade thermometer is shown permanently 
attached to the cell. 

In using a standard cell great care 
should be taken that only very small cur- 
rents are allowed to pass through it and 
then only for a short period. To prevent 
polarization and a consequent decrease of 
E. M. F. a high resistance should be con- 
nected in series, except for final adjust- 
ments in zero methods. A short circuit is 
likely to permanently injure a cell. 

MBA5URBnENT OF CURRENT- 

One of the most accurate and universally applicable methods 
of measuring current strength is to measure the potential differ- 
ence across a known resistance through which the current is pass- 
ing. The value of the current is then given by the formula 

E 

2 = — . This method is well adapted for the measurement of 

very large or very small currents. 

The simplest method of measuring current strength is by the 
insertion of an ammeter in the circuit. Ammeters are usually 
less reliable than voltmeters, but the importance of obtaining cur- 
rent strength accurately is usually less than that of E. M. F. 

Alternating currents may be measured by the dynamometer, 
current balance, measurement of E. M. F. across a known resist- 
ance, and by some forms of ammeters. 

Ammeter Calibration. A very convenient method of deter- 
mining the accuracy of ammeters is by measuring the potential 
difference across a known resistance in the circuit. The connec- 
tions are shown in Fig. 28. In circuit with the source of E. M. F. 
is the ammeter A^ the known resistance /?, and the resistance r 
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for varying the strength of the current. A standard voltmeter V 
which has been accurately calibrated is connected across the 
tenninals of the known resist- 



ance. Dividing the voltmeter 
reading by the value of /?, de- 
termines the current strength 
and error of the ammeter. . 

Ammeters can also be 
veiy accurately calibrated by 
direct comparison w^ith Thom- 
son's current balance. 
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Fig. 2S. 



MEASUREriENT OF ENERGY. 

The wattmeter is used to indicate the power consumed in a 
circuit. The dynamometer of the Siemens type is one of the most 
common forma of wattmeter. The high resistance coil is shunted 
across the part of the circuit in which the energy consumed is to 
be measured, and the low resistance coil connected in series. 

With direct currents the energy consumed in watts is usually 
obtained from multiplying the reading of a voltmeter shunted 
across the terminals, by the reading of an ammeter inserted in the 
circuit. 

MEASUREMENT OF QUANTITY. 

As the unit of quantity is the ampere second or coulomb, it 
may be measured by determining the current strength for a certain 
length of time. 

One method of measuring quantity which is largely used 
depends on the chemical action of a current when passed through 
an electrolyte, the latter being decomposed by the current. The 
amount of this decomposition is directly proportional to the strength 
of the current and to the time. Therefore the quantity of elec- 
tricity will depend upon the amount of cliemical decomposition* 
The average current may be determined by dividing the quantity 
by the time. Instruments arranged for measuring quantity or 
current strength on this principle are termed voltameters. 

The Edison chemical meter is the voltameter most generally 
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used. This consists of a cell containing a solution of zinc sulphate, 
and two zinc plates of a certain size at a fixed distance apart. A 
low resistance shunt of German silver is connected in the main cir- 
cuit and the cell is connected about this. If the ratio of the cell 
resistance to that of the shunt is coiistant, then a certain fraction of 
the total current will pass through the cell from which the whole 
may be determined. This ratio is about 1000. As the resistance 
of the cell decreases with rise of temperatui*e, a resistance of 
copper wire is inserted in series with it. The increase in resist- 
ance of this with rise of temperature, just equals the decrease in 
the resistance of the cell. The ratio of the resistances is thus 
maintained constant. As the current passes from one zinc plate 
to the other through the electrolyte, the positive plate gradually 
goes into solution and loses in weight and the negative plate gradu- 
ally gains in weight. By weighing the plates before and after 
the passage of the current the quantity of electricity passed may 
be determined. Usually the weight of the positive plate only is 
taken, and its lost weight multiplied by a constant to give the 
number of coulombs or ampere-hours. 

The Forbes meter depends upon the heating eflEect of a cur- 
rent to record the number of ampere-hours. The current is 
passed through a number of fine wires connected in parallel. The 
heating of these causes a rising cun*ent of warm air and this 
rotates a spindle carrying light mica vanes. The number ol 
ampere-hours is determined from the number of revolutions of the 
spindle. 

If the potential of the circuit is constant the number of watt- 
hours is found from the ampere-hours if the latter is multiplied by 
the voltage of the circuit. 

nBASUREMENT OF CAPACITY, 

Capacity and its mesusurement becomes of considerable import- 
ance in the case of submarine and underground cables. Such cables 
actually become condensers, the internal wire forms the inner coat- 
ing, the water the outer coating and the insulation forms the dielec- 
tric between them. This presence of capacity in cables makes it 
necessary to charge them before a signal is indicated at the distant 
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end, and thus causes retardation in the transmission of signals and 
also enfeebles the strength of the current at the distant station. 

Ordinaiy condensers may be charged or discharged almost 
Instantaneously. The charging and discharging of cables however, 
requires so much time that the accurate measurement of their 
capacity is very difficult. In discharging, a cable yields most of 
its charge at first, and then gradually gives up the remainder. 

Direct Deflection llethod. In this method of, measuring 
capacity, which is the simplest and most generally employed, a 
standard condenser is first charged by a battery and then discharged 
through a ballistic galvanometer. The condenser of unknown 
capacity is then similarly charged and discharged. The capacities 
of the two condensers are proportional to the galvanometer de- 
(lections. 

Example. — A condenser of .3 microfarad capacity was 
charged by a battery and when discharged through a galvanome- 
ter gave a deflection of 103 scale divisions. A condenser of 
unknown capacity was then charged by the same battery and on 
discharge gave a deflection of 128 divisions. What was the 
unknown capacity ? 

Solution. — As the capacities are proportional to the deflec- 
tions we have the proportion, 

a? : ,3 : : 128 : 108 
ovx = {^ X .3 = .37 + 

Ans. .37 -f- microfarad. 

Divided Charge Metliod. This method gives more accurate 

results than the preceding and is often used in measuring the capar 

city of long cables. The 
connections are shown in 
Fig. 29. The key k is first 
depressed, charging a con- 
denser Coi known capacity. 
The key k is then opened 
and the key K raised, dis- 
charging the condenser 
through the galvanometer 
^^S' 29. Q.^ giving a deflection 2>» 

Ob then again charged^ k opened and K depressed. This connects 
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the standard condenser with the condenser c of unknown capacity, 
and shares part of its charge with the same. The diyisibn of charge 
is proportional to the capacities. By raising JTthe condenser C is 
again discharged through the galvanometer, giving a deflection d. 
As the deflections are proportional to the charge of C in each case, 
the capacity of C7 is to that of (? as the first deflection 2> is to the 
decrease in deflection which represents the charge of c^ that is, 
Cicii Bi D — d^ 



therefore, 



D — d 
D 



X <?. 



Bridge flethod. In this method the capacities of a standard 
and of any other condenser are balanced in the arms of a bridge. 
Fig. 30 illustrates the necessary connections. The standard C 
and that of unknown capacity e, form two arms of the bridge, 
and the adjustable resistances R and r complete it When tho 
key JK'is raised, current flowa from the battery and charges thfs 




Fig. 30. 

condensers ; on depressing the key the condensers are discharged. 
The resistances r and R are adjusted until during charging and 
discharging there is no deflection of the galvanometer. The poten- 
tial at 2> and J? will then be the same, and the condensers are there 
fore charged under the same potential ; the quantity of electricity 
required to charge them will then be proportional to their capaci- 
ties. When there is no' deflection of the galvanometer in charging 
or discharging, the drop in the resistances r and R must be the 
same. Suppose the capacity of c to be larger than that of O : then 
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in charging, the current passing through r must be greater tlian 
that through R, As the drop is proportional to the product of 
current and resistance ; then in order to have the same drop in r as 
in ^ if a larger current flows through r its resistance must be 
less. The capacities of the condensers are therefore inversely as 
these resistances, or 

<? : : I J? I r» 

Example. — With condensers connected as shown in Fig. 30, 
it was found that there was no deflection of the galvanometer when 
r was 2,700 ohms and 7? 7,300 ohms. The capacity of the stand- 
ard condenser was .2 microfarad. What was the capacity of c ? 

Solution. — Substituting in the preceding proportion, we 
have, 

(? : .2 : : 7,800 : 2,700, 
therefore e = .54. Ans. .54 microfarad. 

Thomson's llethod. If two condensers are charged with 




Fig. 81. 

equal quantities of electricity and then discharged by connecting 
them in series + *^ — ^.nd — to +> the two charges will exactly 
neutralize each other and no resultant charge will remain. To 
charge two condensers of unequal capacity with equal quantities 
of electricity requires a higher E. M. F. at the terminals of the 
smaller condenser, that is, the E. M. F. applied at the terminals 
must be inversely as the capacities. If the ratio of the E. M. F.'s 
IS determined, then the ratio of the capacities of the condensers is 
also obtained. These principles are involved in Thomson's method. 
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INSTALLING THB DYNAHO. 

Dynamos should be located in a dry place so situated that 
the surrounding atmosphere is cool. If the surrounding air is 
warm, it reduces the safe carrying capacity of the machine and is 
likely to allow such temperature to rise in the machine itself as to 
burn out either armature or field, or both. A dynamo should not 
be installed where any hazardous process is carried on, nor where 
it would be exposed to inflammable gases or flying combustible 
materials, as the liability to occasional sparks from the commuta- 
tor or brushes might cause serious explosions. 

Wherever it is possible, dynamos should be raised or insu- 
lated above the surrounding floor, on wooden base frames, which 
should be kept filled to prevent the absorption of moisture, and 
also kept clean and dry. When it is impracticable to insulate a 
dynamo on account of its great weight, or for any other reason, 
the Inspection Department of the Board of Fire Underwriters 
having jurisdiction may, in writing, permit the omission of the 
wooden base frame, in which case the frame should be permanent- 
ly and effectively grounded. When a frame is grounded, the in- 
sulation of the entire system depends upon the insulation of the 
dynamo conductors from the frame, and if this breaks down the 
system is grounded and should be remedied at once. 

Oroundlnj^ Dynamo Frames can be effectually done by 
firmly attaching a wire to the frame and to any main water pipe 
inside the building. The wire should be securely fastened to the 
pipe by screwing a brass plug into the pipe and soldering the wire 
to this plug. When the dynamo is direct driven, an excellent 
ground is obtained through the engine coupling and the piping of 
the engine and boiler. 

Wherever high-potential machines have their frames ground- 
ed, a small board walk should be built around them and raised 
above the floor, on porcelain or glass insulators, in order that the 
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dynamo tender may be prolecled fn;ni a slu>c*k wlion adjusting 
brushes or working about the machine. 

Sufficient space should be left on all sides of the dynamo and 
especially at the commutator end, so that there may be ample 
room for removing armatures, commutators, or any other parts at 
any time. 

Circuit Brealcers and Fuses- . Every constant-potential gen- 
erator should be protected from excessive current by a safety fuse 
or equivalent device of approved design, in each wire lead, sucli 
as a circuit breaker. The latter is i)referable, on account of its 
being immeasurably more accurate and convenient for resetting. 
Such devices should be placed on or as near as possible to the 
dynamo. When the needs of the service make these devices im- 
practicable, the Inspection Department having jurisdiction may, 
in writing, modify the requirements. 

The best practice is to place the fuses on the dynamo itself, 
and the circuit breakers on the switchboard. 

Waterproof Covers should be provided for every dynam 
and placed over each machine as soon as it is shut down. Negli- 
gence in this matter has caused many an armature and field coil 
to burn out, as only a few drops of water are necessary to cause a 
short circuit as soon as the machine is started up again, which 
might do many dollars' worth of damage, to say nothing of the 
inconvenience caused by shutting off light or power when it is 
lost needed, and for an indefinite length of time. 

Name-Plates. Every dynamo should be provided with a 
name-plate, giving the maker's name, the capacity in volts and 
amperes, and the normal speed in revolutions per minute. This 
will show exactly what the machine was designed for, and how it 
should be run. 

Wiring: from Dynamos to switchboards should be in plain 
.ight or readily accessible, and should be supported entirely 
npon non-combustible insulators, such as glass or porcelain ; in no 
ease should any wire come in contact with anything except these 
insulators, and the terminals upon the dynamos and switchboards. 
Wlien it becomes necessary to run these wires through a wall or 
tloor, the holes must be protected by some approved non-combus- 
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tible iiisiilatiiig tube, such as glass or porcelain, and in every case 
the tube must be fastened so that it shall, not slip or pull out. 
Sections of any tubing, whether armored or otherwise, that are 
chopped off for this purpose, should not be used. All wires for 
dynamos and switchboard work should be kept so far apart that 
there is no liability of their coming in contact with one another, 
and should be covered with non-inflammable insulating material 
suflicient to prevent accidental contact, except that bus bars may 
be made of bare metal so that additional circuits can be readily 
attached. Wires must have ample carrying capacity, so as not to 
heat with the maximum current likely to flow through them under 
natural conditions. (See "Capacity of Wires Table," page 37.) 
So much trouble in past years has arisen from faulty construction 
of switchboards, and the apparatus placed upon them, that strict 
requirements have been necessarily adopted by engineers as well 
as insurance inspectors, and the following suggestions are recom- 
mended by the latter : 

The Switchboard should be so placed as to reduce to a min- 
imum the danger of communicating fire to adjacent combustible 
material, and, like the dynamo, should be erected in a dry place 
and kept free from moisture. It is necessary that it should be 
accessible from all sides when the wiring is done on the back of 
the board, but it may be placed against a brick or stone wall when 
all wiring is on the face. 

The board should be constructed wholly of non-combustible 
material, but when this is impossible a hard-wood board made in 
skeleton form, and well filled to prevent absorption of moisture, is 
considered safe. Every instrument, switch or apparatus of any 
kind placed upon the switchboard should have its own non-com- 
bustible insulating base. This is required of every piece of ap- 
paratus connected in any way with any circuit. If it is found 
impossible to place the resistance box or regulator (which should, 
in every case, be made entirely of non-combustible material) upon 
the switchboard, it ;must be placed at least one foot from com- 
bustible material or separated therefrom by a non-inflammable, 
non-absorptive insulating material. A slate slab is preferable. 
Special attention is called to the fact that switchboards shoiild not 
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be built down to the floor, nor up to the ceiling, but a space of at 
least ten or twelve inches should be left between the floor and the 
board, and from eighteen to twenty-four inches between the ceil- 
ing and the board, in order to prevent fire from communicating 
from the switchboard to the floor or ceiling, and also to prevent 
space being used for storage of rubbish and oily waste. 

Liirhtning: Arresters should be attached to each side of every 
overhead circuit connected with the station. 

It is recommended to all electric light and power companies 
that arresters be connected at intervals over systems in such num- 
bers and so located as to prevent ordinary discharges entering 
(over the wires) buildings connected to the lines. They should 
be located in readily accessible places away from combustible ma- 
terials, and as near as practicable to the point where the wires 
enter the building. 

Station arresters should generally be placed in plain sight 
on the switchboard. In all cases, kinks, coils and sharp bends in 
the wires between the arresters and the outdoor lin6s should be 
avoided as far as possible. Arresters should be connected with a 
thoroughly good and permanent ground connection by metallic 
strips or wires having a conductivity not less than that of a l^o. 
6 B. & S. copper wire, and running as nearly as possible in a 
straight line from the arresters to the earth connection. 

Ground wires for lightning arresters should not be attached 
to gas pipes within the buildings. 

It is often desirable to introduce a choke coil in circuit be- 
tween the arresters and the dynamo. In no case should the 
ground wire from a lightning arrester be put into irqn pipes, as 
these would tend to impede the discharge. 

Unless a good, damp ground is used in connection with all 
lightning arresters, they are practically useless. Ground con- 
nections should be of the most approved constniction, and should 
be made where permanently damp earth can be conveniently 
reached. For a bank of arresters such as is commonly found in 
a power house, the following instructions will be found valuable: 
First, dig a hole six feet square directly under the arresters, until 
permanently damp earth has been reached ; second, cover the hot- 
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torn of this hole with two feet of crushed coke or charcoal (about 
pea size) ; third, over this lay twenty-five square feet of No. 16 
copper plate; fourth, solder at least two ground wires, which 
should not be smaller than Xo. 6, securely across the entire sur- 
face of the ground plate ; fifth, now cover the ground plate with 
two feet of crushed coke or charcoal ; sixth, fill in the hole with 
earth, using running water to settle. 

All lightning arresters should be mounted on non-combustible 
bases and be so constructed as not to maintain an arc after tho 
discharge has passed ; they should have no moving parts. 

Testing of Insulation Resistance. All circuits except those 
permanently grounded should be provided with reliable ground 
detectors. Detectors which indicate continuously and give an in- 
stant and permanent indication of a ground are preferable. 
Groimd wires from detectors should not be attached to gas pipes' 
within the building. 

Where continuously indicating detectors are not feasible, the 
circuits should be tested at least once per day. 

Data obtained from all tests should be preserved for examin- 
ation. 

Storage or Secondary Batteries should be installed with as 
much care as dynamos, and in wiring to and from them the same 
precautions and rules should be adopted for safety and the pre- 
vention of leaks. The room in which they are placed should be 
kept not only dry, but exceptionally well aired, to carry off all 
fumes which are bound to arise. The insulators for the support 
of the secondary batteries should be glass or porcelain, as filled 
wood alone would not be approved. 

Care of Dynamos. A few suggestions as to the care of the 
dynamo, as well as its installation, may be of value ; and one of the 
important points under this head is that the driving power should 
have characteristics of steadiness and regularity of speed, and 
should always be sufficient to drive the dynamo with its full load, 
besides doing the other work which it may be called upon to sus- 
tain. Unsatisfactory results are always obtained by attempting 
to run a dynamo on an overloaded engine. 
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Wooden bed-plates are supplied, when ordered, for all dyna- 
mos, except in the largest and direct-connected machines. 

Most machines are fitted with a ratchet and screw bolt, so 
that they may be moved backward or forward on the bed-plate in 
a direction at right angles to the armature shaft. By this means 
the driving belt can be tightened or loosened at will, while the 
machine is in operation. Care should be taken in tightening the 
belt not to bind tlie bearings of the armature and force the oil 
from between the surfaces of the shaft and boxes. Such practice 
will inevitably cause heating of the bearings and consequent in- 
jury. 

Machines are usually assembled, unless ordered otherwise, so 
that the armature revolves clock-wise when the observer faces the 
pulley end of the shaft. All bipolar dynamos, however, may be 
driven in either direction by reversing the brushes and changing 
field connections. 

The machine is provided with a pulley of the proper size to 
transmit the power demanded, and a smaller one should not be 
substituted unless approval be obtained from the makers. 

When driving from a countershaft, or when belted directly 
to the main shaft, a loose pulley or belt holder should be used, to 
admit of starting and stopping the dynamo while the shafting is 
running. 

Belts. A thin double or heavy single belt should be used, 
about a half inch narrower than the face of the pulley on the dy- 
namo. An endless belt, one without lacing, gives the greatest 
steadiness to the lights. 

All bolts and nuts should be firmly screwed down. All 
nuts which form part of electrical connections should receive 
special attention. 

The copper commutator brushes are carefully ground to fit 
the commutator, and they should be set in the holders so as to 
bear evenly upon its surface. On machines where two or more 
brushes are supported on one spindle, the brushes on the same side 
of the commutator must be set so that they touch the same seg- 
ments in the same manner. The brushes on the other side of the 
commutator must be set to bear on the segments diametrically 
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opposite. When the brushes are not so set it is impossible to run 
the machine without sparking. A convenient method of deter- 
mining the proper bearing point for the brushes is to set the toe 
of one brush at the line of insulation, dividing two segments of 
the commutator; then count the dividing lines for one-half the 
way around the surface, and set the other brush or brushes at the 
line diametrically opposite the first. Thus, on the forty-four 
segment commutator, after setting the tip of one brush at a line 
of insulation, count around twenty-three lines, setting the other 
brush at the twenty-third line, thus bringing the tips directly op- 
posite each other. The angle which the brushes foim with the 
surface of the commutator should be carefully noted, and the 
brushes should not be allowed to wear so as to increase or decrease 
this angle. Careless handling of the machine is at once indicated 
by the bruslies being worn either to a nearly square end, or to a 
long taper in which the forward wires of the brush far outrun the 
back or inside wires. Either condition will inevitably be attended 
with excessive wear of both commutator and brushes. 

After copper brushes are set in contact with the commutator, 
the armature should never be rotated backward. If it is required 
to turn the armature back, raise the brushes from the commutator 
by the thumb screw on the holder provided for that purpose, be- 
fore allowing such rotation. When starting a machine, it is al- 
ways better to let the brushes down upon the commutator after 
the machine has started, rather than before, except when carbon 
brushes are used. 

Bearinj^f. See that the bearings of the machine are clean 
and free from grit, and that the oil reservoirs are filled with a 
good quality of lubricating oil. The oil reservoirs should always 
be examined before starting, and all loose grit removed. After 
starting the machine, the oil should be all drawn off at the end of 
each day's run for the first three or four days, after which it may 
l>e assumed that any remaining grit has been carried off with the 
oil, and it will only be neces^ry to add a little fresh oil once i^^ 
seven or ten days. 

Startlnj^ Up a Dynamo or flotor. Fill the oil reservoirn 
and see that the automatic oiling rings arc free to move. In the 
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case of dynamos fitted with oil cups^ start the oil running at a 
moderate rate. Too little oil will result in heating and injury of 
the bearings, but, on the other hand, excessive lubrication is un- 
necessary, wasteful and sometimes productive of harm. 

When the dynamo is ready to be started, place the driving 
belt on the pulley on the armature shaft, and then slip it from 
the loose pulley or belt holder on to the driving pulley on the 
countershaft. Tighten the belt by means of the ratchet on the 
bed-plate, just sufficiently to keep it from slipping. Care should 
be taken not to put more pressure than is necessary on new bear- 
ings; carelessness in this respect is often followed by heating of 
the boxes, and possible permanent injury. 

The brushes may now be let down upon the commutator, and 
the magnets will be slowly energized. Move the brushes slowly 
backward or forward by means of the yoke handle until there is 
no sparking at the lower brushes. Clamp the yoke in this posi- 
tion. If the top brushes then spark, move them slightly, one at a 
time, forward or backward in the brush holder until their non- 
sparking point is found. 

The spring pressure exerted upon the commutator brushes 
should be just sufficient to produce a good contact without causing 
cutting. If the brushes cut, the commutator must be smoothed 
by the use of sandpaper, not emery cloth. 

The dynamo should run without load, at the speed given by 
the manufacturer, and this speed should be uniformly maintained 
under all conditions. In the case of incandescent dynamos, any 
increase of speed above that given, shortens the life of thelamp^, 
while a variation below causes unsatisfactory lights. 

Before the load is put on^ the dynamo should be tested for 
polarity. This can be done by holding a small pocket compass 
near the field or pole piece. If the dynamo is connected to be 
run in multiple with another machine and happens to be polar- 
ized wrong, it can be given the right polarity by lifting the brushes 
from the commutator, closing the field switch and then closing 
the double-pole switch used to throw it in multiple with the other 
machine, which is supposed to be now running. After the cur- 
rent has been allowed to pass through the fields for a few moments, 
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the double-pole switch can be thrown open, and if a test with the 
compass is again made the polarity will be found to be right, and 
the dynamo is ready to be started in the usual manner. 

In starting for the first time a bipolar dynamo which is to be 
run in multiple with a spherical armature dynamo^ the above in- 
structions should always be followed. 

If the dynamo is to be used in series with another on the 
three-wire system, and is found to be polarized wrong, it can be 
given the right polarity by making a temporary connection from 
the positive brush of the new machine to the positive brush of the 
machine already in operation; and also a temporary connection 
from negative brush to negative brush, having first raised the 
brushes from the commutator and closed the field switch. Keep 
this connection for a few minutes, then open the field switch and 
break the temporary connections. 

Another test with the compass will show that the polarity of 
the machine is now correct, and the dynamo is ready to be started 
in the usual manner. 

Assuming that the lamps and lines are all ready, the follow- 
ing precautions must be observed when starting the dynamo : 

Be very careful that the brushes are properly set and dia- 
metrically opposite each other, as explained before. 

Be sure that all connections are securely made, and all nuts 
on the connection boards firmly set. 

In cases where two or more dynamos are connected in multi- 
ple by the use of the equalizing connection, care should be taken 
that the circuit wires from both positive brushes are connected to 
the same side of the main line, while those from the negative are 
connected to the other side. 

A neat arrangement of the equalizing connection can be 
made by using triple-pole switches on the switchboard, instead of 
double-pole switches, and making the equalizing connections 
through the center pole of the switch, instead of running a cable 
direct from one dynamo to the other. This method is especially 
desirable where three or more dynamos are run in multiple. 

When dynamos are connected in series, as in the cases where 
the three-wire system is in use, the leading wire from the positive 
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brush of one machine is connected to the negative brush of the 
other. The other two brushes (negative and positive) are con- 
nected to the main wire on the outside of the system, while the 
third or center wire is connected to the conductor between the two 
dynamos. 

Dust or Qritty Substances. All insulations should be care- 
fully cleaned at least once a day. 

If any of the connections of the machine become heated, ex- 
amination will show that the metal surfaces are not clean or not 
in perfect contact. Avoid the use of water or ice on the bearings 
in case of accidental heating, as the water may get to the arnip- 
ture and injure the insulation. 

The Commutator should be kept clean and allowed to pol- 
ish or glaze itself while running. No oil is necessary, unless the 
brushes cut, and then only at the jwint of cutting. A cloth 
slightly greased with vaseline is best for the puri)ose. Xever 
use sandpaper on the commutator without first lifting the brushes. 
Otherwise the grit wiU stick to the brushes and cut the commu- 
tator. 

Brushes. Care should be taken to keep copper commutator 
brushes in good shape, and not to allow them to be worn out of 
square ; that is, too much to one side, so that the end is not worn 
at right angles to the lateral edges. 

When the machine is not running, the brushes should always 
be raised from the commutator. The brushes should be kept 
carefully cleaned, and no oil or dirt allowed to accumulate upon 
them. This can be done by washing them occasionally in benzine 
or in a hot solution of soda ash. 

Manufacturers usually furnish a gauge, which should be 
used occasionally to test the wearing of the brushes. If they are 
found to be worn either too flat or too blunt, they should be filed 
in proper shape, or, better still, ground on a grindstone. Carbon 
brushes require less care. Spindles upon which the brush holders 
are arranged to slide should be cleaned with emerv cloth often 
enough to prevent tarnishing or the collection of dirt, which 
might cause heating by impairing the electrical connection. 

Brush holders that can be mov^ed laterally on the spindle by 
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which thej are supported, should be so arranged that the top and 
bottom brushes will bear on different parts of the length of the 
commutator^ for the purpose of distributing the wear more uni- 
formly. 

In case of a hot box the most natural thing to do is to shut 
the machine down, but this should never be done until the fol- 
lowing alternatives have been tried and failed : 

First — Lighten the load. 

Second — Slacken the belt. 

Third — Loosen the caps on the boxes a little. 

Fourth — Put more oil in bearings. 

Fifth — If all the above fail to remedy the heating, use a 
heavy lubricant, such as vaseline or cylinder oil. Should the - 
heating then diminish, the shaft must be polished with crocus 
cloth and the boxes scraped at the end of the day. 

Sixth — Under no conditions put ice upon the bearing, un- 
less you are perfectly familiar with such a procedure. 

Seventh — If it is absolutely necessary to shut down, get the 
belt off as soon as possible, keeping the machine revolving mean- 
while in order to prevent sticking, and at the same time take off 
the caps of the bearings. Do not stop the flow of oil to the bear- 
ings. When the caps have been taken off, stop the machine and 
get the linings out immediately, and allow them to cool in the air. 
Do not throw the linings into cold water, as it is liable to spring 
them. 

Scraping should be done only by an experienced person, 
otherwise the linings may be ruined. Polish the shaft with cro- 
-eus cloth, or, if badly cut, file with a very fine file, and afterwards 
polish with crocus. 

Wipe the shaft, as well as the boxes, very carefully, as per- 
haps grit has been the cause of the hot box. Inspect the bearings ; 
see that they are in line, that the shaft has not been sprung, and 
that the oil collar does not bear against the box. 

Oily Waste should be kept in approved metal cans (made 
entirely of metal, with legs raising them at least three inches 
above the floor and with self-closing covers), and removed daily. 

A competent man should always be kept on duty where gen- 
erators are operating. 
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THB INSTALLATION OF MOTORS. 

All motors should be insulated on floors or base frames, which 
should be kept filled to prevent absorption of moisture ; also they 
should be kept clean and dry. Where frame insulation is im- 
practicable, the Inspection Department having jurisdiction may, 
in writing, permit its omission, in which case the frame should be 
permanently and effectively grounded. 

A high-potential machine which on account of great weight 
or for other reasons cannot have its frame insulated, should be 
surrounded with an insulated platform. This may be of wood, 
mounted on insulating supports, and so arranged that a man must 
stand upon it in order to touch any part of the machine. 

The leads or branch circuits should be designed to carry a 
current at least fifty per cent greater than that required by the 
rated capacity of the motor, to provide for the inevitable over- 
loading of the motor at times, without over-fusing the wires. 

The motor and resistance box should be protected by a cut- 
out or circuit breaker, and controlled by a switdh, the switch 
plainly indicating whether "on" or "off." Where one-fourth 
horse power or less is used on low-tension circuits a single-pole 
switch will be accepted. The switch and rheostat should be lo- 
cated within sight of the motor, except in cases where special 
permission to locate them elsewhere is given, in writing, by the 
Inspection Department having jurisdiction. 

In connection with motors the use of circuit breakers, auto- 
matic starting boxes and automatic under-load switches is recom- 
mended, wherever it is possible to install them. 

Motors should not be run in series, multiple, or multiple- 
series, except on constant-potential systems, and then only by 
special permission of the Inspection Department having juris- 
diction. 

Like generators, they should be covered with a waterproof 
cover when not in use, and if necessary, should be inclosed in an 
«>-pproved case. 

Motors, when combined with ceiling fans, should be hung 
from insulated hooks, or there should be an insulator interposed 
between the motor and its support. 
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Every motor should be provided with a name-plate, giving 
the maker's name, the capacity in volts and amperes^ and the 
normal speed in revolutions per minute. 

One rule at all times to be remembered in starting and 
stopping motors is. Switch first, rheostat last, which means, in 
starting, close the switch first, and then gradually cut out all re- 
sistance as the motor speeds up, and to stop the motor open the 
switch first and then cut in all the resistance of the rheostat 
which is in series with the motor armature. 

When starting any new motor for the first time, see that the 
belt is removed from the pulley and the motor started with no 
load. Never keep the rheostat handle on any of its coils longer 
than a moment, as they are not designed to regulate the speed of 
the motor but to prevent too large a flow of current into the 
armature before the latter has attained its full speed. 

Fig. 1 shows a rheostat which is designed to protect auto* 
raatically the armature of a motor. The contact arm is fitted with 
a spring which constantly tends to throw the arm on thp "off 
point^^ and open the circuit, but is prevented from so doing, while 
the motor is in operation, by the small electro-magnet, shown on 
the face of the rheostat, which consists of a low-resistance coil con- 
nected in series with the field winding of the motor. This mag- 
net holds the contact arm of the rheostat in the position allow- 
ing the maximum working current to flow through the armature 
while it is in operation. 

If, for any reason, the current supplied to the motor be 
momentarily cut off, the speed of the armature generates a coun- 
ter current which also tends to hold the arm in position as long 
as there is any motion to the motor armature ; but as soon as the 
armature ceases to revolve, all current ceases to flow through the 
electro-magnet, thereby releasing the rheostat handle, which flies 
back to the "off point," as shown in the illustration, and the 
motor armature is out of danger. Such a device is of great value 
where inexperienced men have to handle motors, and are unaware 
that the first thing to be done when a motor stops, for any reason 
whatever, is to open the circuit, and then cut in all the resistance 
in the rheostat to prevent too large an in-rush of current when 
the motor is started up again. 
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Fig. 1. 

An approved installation in every detail ; wiring connections for shunt- 
wound 4-pole motor, using double-pole fuse cut-out instead of circuit breaker. 
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KLKCTIMC WliUNG 17 

The Circuit Breaker for under and over loads is also a most 
valuable protection in such cases. 

Motor Wiring Pormuke— (DIroct Current). To find the 
size of wire, in circular mils, required to transmit any power 
any distance at any required voltage and with any required loss, 
we have the following formula. Having found the required 
number of circular mils, it is advisable to add 50 per cent more 
for safety. 

e = potential of motor. d= distance from generator to motor. 
v=volts lost in lines. ^• = efficiency of motor. 

10.8 =-- resistance in ohms of 1 foot of 1)7 per cent 
pure copper wire one mil in diameter. 
_ h. p. of motor X 746 X 2i X 10.8 

"•"^* TxTxic 

To find size of wire from cm., see table, page 37. 

AVERAGE MOTOR EFFICIENCY. 

1 h. p 75 per cent 

3li. p 80 per cent 

5 h. p 80 per cent 

10 h. p. and over 00 per cent 

For Most Cases — (Small Installations). The table and exam- 
ples worked out on pages 38, 39 and 40 will give the desired 
results without the above formula*. 

To find current required by a motor wlien the horse power, 
efBciency and voltage are known, use the following formula: 
Let C = current to be found. H. P. = horse power of motor. 
E = voltage of motor cir- K = efBciency of motor, 
cuit. 

H. P. X 746X100 

^ e"xk 

Or, when possible, use table I. 

By adding the volts indicated in table II. to the voltage of 
the lamp or motor, the result shows the voltage at the dynamo for 
losses indicated. Thus 10 per r»ent on 110-volt system is: 12.22 
volts added to 110 equal 122.22, showing that the dynamo must 
generate 122.22 volts for a 10 per cent loss. 
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0UT5IDB WIRINQ AND CONSTRUCTION. 

Service Wires (those leading from the outside main wire 
to the buildings and attached to same) should be "Rubber-Cov- 
ered." 

Line Wires, other than service wires, should have an approved 
"weatherproof covering." 

Bare Wires may be used through uninhabited and isolated 
territories free from all other wires, as in such places wire cover- 
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Fig. 2. 

An approved installation in every detail; wiring connections for shunt- 
wound bipolar motor, using circuit breaker instead of double-pole fuse cut-out. 

ing would be of little use, as it is not relied on for pole insulation, 
and is not needed for other purposes, because the permanent 
insulation of the wires from the ground is assured by the glass 
or porcelain petticoat insulators to which the wires are secured. 

Tie Wires should have an insulation equal to that of the 
conductors they confine. 
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Fig. 3. 

An approved installation in every detail, with wiring connections for shunt- 
wound multipolar slow speed ceiling motor for direct connection to line shaft. 
Using both circuit breaker and double-pole fuse cut-out 
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ELECTEIC WIKING 23 

Space Between Wires for outside work, whether for high 
or low tension, should be at least one foot, and care shomld be 
exercised to prevent any possibility of a cross connection by 
water. Wires should never come in contact with anything except 
their insulators. 

Roof Stfuctures. If it should become necessary to run 
wires over a building, the wires should be supported on racks 
which will raise them seven feet above flat roofs or at least one 
foot above the ridge of pitched roofs. See Fig. 4. 

Quard Arms. Whenever sharp corners are turned, each 
cross arm should be provided with a dead insulated guard arm 
to prevent tlie wires from dropping down and creating trouble, 
should their insulating support give way. 

Petticoat Insulators should be used exclusively for all out- 
side work, and especially on cross arms, racks, roof structures 
and service blocks. Porcelain knobs, cleats or rubber hooks 
should never be used for this heavy outside work. 

Splicing of two pieces of wire or cable should be done in 
such manner as to be mechanically and electrically secure with- 
out solder. The joints should then be soldered to prevent corro- 
sion and consequent bad contact. All joints thus made should be 
covered with an insulation equal to that of the conductors. 

Tree Wiring. Whenever a line passes through the branches 
of trees, it should be properly supported by insulators, as shown 
in Fig. 5, to prevent the chafing of the wire insulation and 
grounding the circuit. 

Service Blocks which are attached to buildings should have 
at least two coats of waterproof paint to prevent the absorption 

of moisture. 

Entrance Wires. Where the service wires enter a build- 
ing they should have drip loops outside, and the holes through 
which the conductors pass should be bushed with non-combustible, 
non-absorptive insulating tubes planting upward toward the in- 
side. See Fig. 6. 

Telegraph and Telephone wires should never be placed on 
the same cross-arm with light or power wires, especially when 
alternating currents are used, as trouble will arise from induc- 
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KEEP LOOP AWAY 
FROM BRANCH 



SPLIT PORCELAIN 
INSULATOR 




INSULATOR WHEN Pbj 
NECESSARY TO TIE /^,^7 ,, 

TO TREE ///)/ /C 



SUPPORTING 
INSULATORS 




Fig. 6. 
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tion, unless expensive special construction, such as the transposing 
of the lighting circuits, be resorted to at regular intervals. Even 
under these conditions it is bad practice, as an accidental contact 
with the lighting or power circuit might result in starting a 
fire in the building to which the telephone line is connected. If, 
however, it is necessary to place telegraph or telephone wires 
on the same poles with lighting or power wires, the distance be- 
tween the two inside pins of each cross-arm should not be less 
than twenty-six inches, and the metallic sheaths to cables shoulc 
be thoroughly and permanently connected to earth. 

Translormert should not be placed inside of any buildings 
except central stations, and should not be attached to the outside 
walls of buildings, unless separated therefrom by substantial sup- 
ports. 

In cases where it is impossible to exclude the transformer 
and primary wiring from entering the building, the transformer 

should be located as near as pos- 
sible to the point where the 
primary wires enter the build- 
ing, and should be placed in a 
vault er room constructed of or 
lined with fire- resisting mate- 
rial, and containing nothing but 
the transformer. In every case 
the transformer must be insu- 
lated from the ground and the room kept well ventilated. It is 
of course the safest and best practice to place all transformers on 
poles away from the building that is to be lighted, as illustrated 
in Fig. 7. 

The Qroundiiij^ of LowaPotentlal Circuits is allowed only 
when such circuits are so arranged that under normal conditions 
of service there will be no passage of current over the ground vnre. 

In Direct-Current 3- Wire Systems the neutral wires may 
be grounded, and when grounded the following rules should be 
complied with: 

1. They should be grounded at the central station on a 
metal plate buried in coke beneath permanent moisture level, and 




Fig. 6. 

Porcelain tube, used where wires enter build* 
ing^s, showing drip loop in wire. 
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also through all available underground water and gas pipe 
systems. 

2. In underground systems the neutral wire should also be 
grounded at each distributing box through the box. 

3. In overhead systems the neutral wire should be grounded 
every 500 feet. 

When grounding the neutral point of transformers or the 
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^FTOMARy CUT-OUT 
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Fig. 7. 

Construction work; installing transformcra, 

neutral wire of distributing systems the following rule should 
be complied with : 

1. Transformers feeding two-wire systems should be 
grounded at the center of the secondary coils, and when feeding 
systems with a neutral wire, should have the neutral wire grounded 
at the transformer, and at least every 500 feet for underground 
systems. 

In making ground connections on low-potential circuits, the 
ground wire in direct-current 3-wire systems should not at central 
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stations be smaller than the neutral wire, and not smaller than 
No. 6 B. & S. elsewhere. 

In Aiternatlnx-Current Systems the ground wire should never 
be less than No. 6 B. & S., and should always have equal carrying 
capacity to the secondary lead of the transformer, or the combined 
leads where transformers are banked. 

These wires should be kept outside of buildings, but may be 
directly attached to the building or pole, and should be carried 
in as nearly a straight line as possible, all kinks, coils and sharp 
bends being avoided. 

The ground connection for central stations, transformer sub- 
stations, and banks of transformers should be made through metal 
plates buried in coke below permanent moisture level, and con- 
nection should also be made to all available undergromd piping 
systems, including the lead sheath of underground cables. 

Tor individual transformers and building services the ground 
connection may be made to water or other piping systems running 
into the buildings. This connection may be made by carrying 
the ground wire into the cellar and connecting on the street side 
of meters, main cocks, etc., but connection should never be made 
to any lead pipes which form part of gas services. 

In connecting ground wires to piping systems, wherever pos- 
sible, the wires should be soldered into one or more brass pings 
and the plugs forcibly screwed into a pipe fitting, or, where the 
pipe is cast iron, into a hole tapped into the pipe itself. For 
large stations, where connecting to underground pipes with bell 
and spigot joints, it is well to connect to several lengths, as the 
pipe joints may be of rather high resistance. Where such plugs 
cannot be used, the surface of the pipe may be filed or scraped 
bright, the wire wound around it, and a strong clamp put over the 
wire and firmly bolted together. 

Where ground plates are used, a No. 16 copper plate, about 
3 by 6 feet in size, with about two feet of crushed coke or char- 
coal, about pea size, both under and over it, would make a ground 
of sufficient capacity for a moderate-sized station, and would prob- 
ably answer for the ordinary sub-station or bank of transformers. 
For a large central station considerable more area might be neces- 
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ALTERNATING 
GROUND DETECTOR 
FOR ONE CIRCUIT 



ALTERNATING 
GROUND DETECTOR 

FOR TWO aRcurra 




TO GROUNb""""' 



DIRECT CURRENT 
GROUND DETECTOR 





TO GROUND 



TO GROUND I.— - 

IF THE LAMP BURNS A 
GROUND IS INDICATED ON 
THE OPPOSITE SIDE OF THE 
CIRCUIT FROM THAT TO 
WHICH THE SWITCH IS 
CONNECTED 
Fig. 8. 
Connections of Ground Detectors. 
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Bary, depending upon the underground connections available. 
The ground wire should be riveted to such a plate in a number of 
places, and soldered for its whole length. Perhaps even better 
than a copper plate is a cast iron plate, brass plugs being screwed 
into the plate to which the wire is soldered. In all cases, the 
joint between the plate and the ground wire should be thoroughly 
protected against corrosion, by suitable painting with waterproof 
paint or some equivalent. 

Ground Detectors. Fig. 8 illustrates a few practical meth- 
ods of detecting grounds on alternating and direct-current circuits 
which have not been purposely grounded. 

In using any one of these methods for detecting grounds, 
always see that the circuit to ground is left open after testing the 
outside circuits. 

Some central station men are in the habit of leaving the 
ground circuit closed on one side constantly in order that any 
groimd that might occur on the other side may be instantly 
noticed. This, however, is bad practice, as it greatly reduces the 
insulation of the whole system. Test all circuits at least once a 
day. 

\c is sometimes necessary to know just what the insulation 
resistance of a line, or of the wiring in a building, is in ohms. 
This can be found very readily, and closely enough for all prac- 
tical purposes, by using a Weston volt meter in the following 
manner : 

Connect with a wire from one side of the circuit to one 
binding post of the volt meter, and with another piece of wire con- 
nect a water pipe to the other binding post of the volt meter. If 
the needle or pointer shows any deflection we know there is a 
ground, or leakage, on the opposite side of the circuit to which 
the volt meter is connected. 

The resistance of this ground leak may be found by the 
following formula: 

V 
R = r ( 1) ohms when R = resistance of ground leak 

required, ;• = resistance of volt meter, V = voltage between the 
positive and negative sides of the line, v = reading in volts, on 
the instrument, produced by the leakage. 
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Primary Wirins^. Primary wires should be kept at least 
ten inches apart, and at that distance from conducting material 
Primary wires carrying over 3,500 volts should not be brought 
into or over any building other than the central power station or 
sub-station. 

Wires for Outside Use have in most cases a ^Weatherproof" 
insulation, except service wires, which should be "rubber-covered." 
Any insulating covering for wires exposed to the weather on poles 
is in a short time rendered useless. The real insulation of the 
system will be found to be dependent upon the porcelain or glass 
insulators. 

iH>LES FOR LIGHT AND POWER WIRES. 

It is essential to a proper installation that the poles receive 
due consideration, a fact that is too often overlooked. 

In selecting the style of pole necessary for a certain class of 
work the conditions and circumstances should be considered. 
Poles may be arranged in three classes, the size of wire which 
they are to carry respectively being one of the important regulat- 
ing circumstances. 

First Class: Alternating-current plants for lighting small 
towns. Main line of poles should consist of poles from 30 to 35 
feet long, with 6-inch tops. These are strong enough for all the 
weight that is placed upon them. No pole less than 30 feet 
with 6-inch top should be placed on a corner for lamps. The 
height of trees, of course, must be considered in many cases. For 
the Edison municipal system, where more than one set of wires 
are used for street lighting, a 6-inch top should be the size of the 
poles, the length being not less than 30 feet, and greater than this 
if the streets be hilly and filled with trees. 

Second Class: Town lighting by arc lights. All poles 
should be at least 6-inch tops. The comer poles should be 61- 
inch tops; and wherever the cross-arms are placed on a pole at 
different angles, the pole should be at least a 6^-inch top. A 30- 
foot pole is sufficiently long for the main line, but it would be 
advisable to place 35-foot poles on comers. 
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Third Class: Where heavy wire, such as No. 00, is used 
for feeder wire, the poles should be at least 7-inch tops. Where 
mains are run on the same pole line the strain is somewhat 
lessened, and poles of smaller size will answer all purposes. 

Cull Poles. The question as to what is a cull pole is some- 
thing on which many authorities differ. Of course, if specifi- 
cations call for a certain sized pole, parties supplying the poles 
should be compelled to send the sizes called for. All poles that 
are smaller at the top than the sizes agreed upon, are troubled 
with dry rot, large knots and bumps, have more than one bend, or 
have a sweep of over twelve inches, should certainly be classed 
as cull poles. Specifications for electric light and power work 
should be, and in many cases are, much more severe than those 
required by telegraph lines. A cull pole, one of good material, 
is the best thing for a guy stub, and is frequently used for this 
purpose. A cedar pole is always preferable to any other, owing 
to the fact that it is very light compared with other timber, and 
is strong, durable aiid very long lived. 

Pole Settlnif. It seems to be the universal opinion of the 
best construction men that a pole should be set at least five feet 
in the ground, and six inches additional for every five feet above 
thirty-five feet. Also additional depths on corners. Wherever 
there is much moisture in the ground, it is well to paint the butt 
end of the pole, or smear it with pitch or tar, allowing this 
to extend about two feet above the level of the ground. This pro- 
tects the pole from rot at the base. The weakest part of the pole 
is just where it enters the ground. Never set poles farther than 
125 feet apart; 110 feet is good practice. 

Pole Holes should be dug large enough so that the butt of 
the pole can be dropped straight in without any forcing, and 
when the pole is in position only one shovel should be used to fill 
in, the earth bein^ thoroughly tamped down with iron tampers 
at every step until the hole is completely filled with solidly 
packed earth. Where the ground is too soft for proper tamping, 
a grouting composed of one part of Portland cement to two parts 
of sand, mixed with broken stone, may be used to make an arti- 
ficial foundation. 
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Fig. 9. 



CONSTRUCTION WORK; POSITION OP CROSS-ARHS WHEN 
TURNING CORNERS. 

When running a heavy line wire it is necessary to use two cross-arms 
fastened as shown above in Fig. 2. If lines are not heavy, only one cross-arm 
will be necessary. In case lines cross the street diagonally, the arms where 
the wires leave and those to which they run are both set at an angle. When 
turning an abrupt comer only one arm is turned. The above cannot be used 
where feeders tap into double branches. In such a case the method given 
in Fig. 1 is used. 
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TABLE 111. 

Cadar PoIm for Bkctrlc Ught W«rk. 





Average 


No. of 




Average 


No. of 




weight, 


Poles 




weight, 


Poles 


SIZE. 


pounds 
each. 


to a Car. 


SIZE. 


each. 


to a Car. 


25 ft.. 5-iiich top 

26 " 6i •• •'^ 


200 


160 


36 ft., 7-inGh top 
40 " 6 " ^'^ 


650 


90 


226 


130 


8U0 


80 


26" 6 " " 


260 


120 


40 " 7 " 


900 


75 


28" 7 " " 


400 


80 


46 " 6 " 


900 


70 


30" 6 " " 


300 


110 


46 " 7 " " 


1000 


66 


30" 6 " " 


350 


00 


60 " 6 •• 


1200 


55 


30" 7 " " 


420 


75 


66 " 6 " 


1400 


46 


36" 6 " " 


650 


100 









Paintins^. When poles are to be painted, a dark olive green 
color should be chosen, in order that they may be as inconspicuous 
as possible. One coat of paint should be applied before the pole 
is set, and one after the pole is set. Tops should be pointed to 
shed water. 

All poles 35 feet long and over must be loaded on tv^o cars. 

For chestnut poles add 50 per cent to weights as given in 
table. 

Cross-Arms. The distance from the top of the pole to the 
cross-arm should be equal to the diameter of pole at the top. 
All cross-arms should be well painted with one coat of paint 
before placing, and must be of standard size as shown in the 
diagrams. Cross-arms of four or more pins should be braced, 
using one or two braces as occasion demands. Cross-arms on one 
pole should face those on the next, thereby making the cross-arms 
on every other pole face in one direction. All pins should have 
their shanks dipped in paint and should be driven into the cross- 
arm while the paint is wet. The upper part of the pin should 
also be painted. Iron pins may be furnished for corners where 
there is a heavy strain, but are not advised, it being preferable to 
use the construction as shovm in the diagrams. Put double arms 
on the pole where feeder wires end. 

Guard Irons. Guard irons should be placed at all angles in 
lines, and on break-arms. 

Steps. All junction and lamp poles should be stepped so 
that the distance between steps on the same side of the pole will 
not be over 36 inches. Poles carrying converters should also be 
stepped. 
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ELECTRIC WIRING 35 

Quys. All poles at angles in the line must be properly 
guyed, using No. 4 B. & S. galvanized iron wire, or two No. 8 
wires twisted. All junction poles should also be guyed. Never 
attach a guy wire to a pole so that it prevents a cross-arm from 
being removed. 

For alternating work, double petticoat insulators are recom- 
mended. Pole brackets, except in connection with the tree insu- 
lators, should not be used. 

Tape should be secured at either end of a joint by a few 
turns of twine. When looping for lamps, etc., leave coiled 
suiBcient wire, without waste, to reach lamp or building without 
joints. In cutting arc or incandescent lamps into an existing 
circuit, use a piece of "rubber-covered" wire. Feeder wires should 
be strung on the cross-arms above the mains. 

For good distribution, arc lamps should not be placed more 
than 800 feet apart. The lamps may be brought nearer together 
if a greater degree of illumination is desired. 

Primary Wires on Poles. When running more than one 
circuit of primaries .upon the same line of poles the wires of each 
circuit should be run parallel and on adjacent pins, as shown 
below, so as to avoid any fluctuation in the lamps due to induc- 
tion. The lines lettered A and A are for circuit No. 1, and 
B and B for circuit No. 2, etc. 

A 

A 

B 

B 

When connecting transformers to 1,000-volt mains a double- 
pole cut-out IS placed in the primary circuit. For 2,000-volt cir- 
cuits a single-pole cut-out should be placed in each side of the 
line, thus avoiding any possible short circuit due to an arc being 
established across the contacts of the double-pole cut-out. This, 
owing to the greater difference of potential between opposite poles, 
is liable to occur when the fuses 'Tblow." 

INSIDB WIRINQ. 
Approved ••Rubl>er-Covered** Wire should be used exclu- 
sively in all interior wiring. Although the Fire Underwriters 
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36 ELECTRIC WIBINQ 

allow "Slow Burning*' weatherproof wire to be used in dry places 
when wiring is entirely exposed to view and rigidly supported on 
l>orcelain or glass insulators, "Rubber-Covered" wire is always 
preferable. 

The copper conductors, before being rubber covered, should 
be thoroughly tinned, and the thickness of the rubber covering 
should conform to the following table: 

TABLE V. 

Rcqnljlte Thlckacu of Rubber Covorliiff for Wlrtt. 

For voltages up to 600: 

From No. 18 to No. 16 

14 to " 8 

« 7 to " 2 

" 1 to " 0000 

" 0000 to " 500000 c. m. 

500000 c. m. to " 1000000 •• 

Larger than " 1000000 - 

For voltages between 600 and 3,500: 

From Na 14 to No. 1 inclusive, A in. 

to " 500000 c. m. " A in- 1 covered by 
Larger than 500000 " *< A in* {braid or Upe. 

"Slow Burnins: Weatherproof" Wire should have an insu- 
lation consisting of two coatings, the inner one to be fireproof 
in character and the other to be weatherproof. The inner fire- 
proof coating should comprise at least six-tenths of the total thick- 
ness of the wall. 

The complete covering should be of a thickness not less than 
that given in the following table : 

TABLE VL 

RequUito ThlckncM of 5low Buralas Weatherproof lasulatloa* 

From Na 14 to No. 8 inclusive, A »n. 

A n. 
A in. 
A in. 

Larger than *• 1000000 " " i in. 

••Weatherproof*' Wire, for out-door use, should consist of at 
least three braids thoroughly impregnated with a dense moisture- 
repellant which shoidd stand a temperature of ISO*" Fahrenheit 
without dripping. The thickness should correspond to that of 
"Slow Burning Weatherproof" and the outer surface should be 
thoroughly slicked down. 

Carrying Capacity of Wires. Table YII gives the safe 
carrying capacity of wires fr'^m Wo. 18 B. & S. to cables of 2,- 
000,000 cireular mils. 
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No wires smaller than No. 14 should be used except for 
fixture wiring and pendants, in which cases as small as No. 18 
may be used. 

TABLE VII. 

Solo Carrjiiiff Cagwclty •! WItm. 

Gauge No. B. A. S. Diameter Mils. Area Circular Mils. No. Amperea Open 
WoTk. No. Amperes Concealed Work. Ohms Per 1000 Ft. Lbe. pei'^OOO 



Ft. Bare. Lhe. Per 1000 Ft. Insulated. No. and Sixe of Wires for Cables. 
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Tie Wires should have an insulation equal to that of the 
conductors they confine. 

5pliclns^ should be done in such manner as to make the wires 
mechanically and electrically secure without solder; then they 
should be soldered to insure preservation from corrosion and 
from consequent heating due to poor contact. 
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Strmnded Wires should have their tips soldered before being 
fastened under clamps or binding screws. When the stranded 
wires have a conductivity greater than No. 10 B. & S. copper 
wire, they should be soldered into lugs. All joints should be 
soldered in preference to using any kind of splicing device. 

Wirins^ Table. The following examples show the method of 
using the table on page 40 : 

1. What size of wire should we use to run 50 16-candle- 
power lamps of 110 volts, a distance of 150 feet to the center 'of 
distribution with the loss of 2 volts? 

First multiply the amperes, which will be 25.5 (50 16-c. p. 
110-v. lamps take 25.5 amperes, see table on page 57), by the dis- 
tance, 150 feet, which will equal 3,825 ampere feet. Then refer 
to the columns headed "Actual Volts Lost"; and as we are to 
have a loss of two volts only, look do\\Ti the column headed 2 until 
you come to the nearest corresponding number to 3,825, and we 
find that 3,900 is the best number to use. Put your pencil on 
the number 3,900 and follow that horizontal column to the left 
until you come to the vertical column headed "Size B. & S.,** and 
you find that a No. 4 B. & S. wire will be the proper size to use 
in this case. 

2. What size of wire should we use to carry current for a 
motor that requires 30 amperes and 220 volts, and is situated 200 
feet from the distributing pole, the "drop" in volts not to exceed 
2 per cent? 

First multiply 30 amperes by 200 feet, as we did in the first 
example, and we get 6,000 ampere feet. Now look at the upper 
left-hand corner of the table and you will see a vertical column 
headed "Volts." Go down this column until you come to 220, 
and follow the horizontal column to the right imtil you come to the 
figure 1.8, which is the nearest we can come to a 2 per cent loss 
without a greater loss or "drop." Place your pencil on the figure 
1.8 and follow down the vertical column of figures until you come 
to the nearest corresponding figure to 6,000, which we find to be 
6,200. Then with your pencil on this figure follow the horizontal 
column to the left, and we find that a No. 5 B. & S. wire '<* a 
proper size to use for the above conditions. 
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3. Supposing we have occasion to inspect a piece of wiring, 
and find a dynamo operating 50 16-c. p. 110-volt lamps at a dis- 
tance of 160 feet, and our wire gauge shows that wire in use is a 
No. 12 B. & S., at what loss, or "drop,'^ are these lamps being 
operated ? 

First multiply the amperes, which will be 25.5 (50 16-c. p. 
110-v. lamps take 25.5 amperes, see table on page 57), by the dis- 
tance, 150 feet, and we get 3,825 ampere feet. As we find in 
use a No. 12 B. & S. wire, we look for the vertical column headed 
"Size B. & S." and follow it down until we come to 12. With 
our pencil on the figure 12 we travel along the horizontal line to 
the right until we come to the xiearest corresponding number to 
3,825, which we find to be 4,575. Then starting at this number 
we travel up the vertical column and we find a loss of about 15 
actual volts, or, practically, a 12 per cent loss, which would greatly 
reduce the candle-power or brilliancy of the lamps. 

Installation of Wires. All wiring should be kept free from 
contact with gas, water or other metallic piping, or with any other 
conductors or conducting material which it may cross, by some 
continuous and firmly fixed non-conductor, creating a separation 
of at least one inch. In wet places it should bo arranged so that 
an air space will be left between conductors and pipes in crossing, 
and the former must be run in such a way that they cannot come 
in contact with the pipe accidentally. 

Wires should be run over rather than under pipes upon 
which moisture is likely to gather, or which by leaking might 
cause trouble on a circuit. No smaller size than No. 14 B. & S. 
gauge should ever be used for any lighting or power work, not that 
it may not be electrically large enough, but on account of its 
mechanical weakness and liability to be stretched or broken in 
the ordinary course of usage. Smaller wire may be used for 
fixture work, if provided with approved rubber insulation. 

Wires should never be laid in or come in contact with plaster, 
cement, or any finish, and should never be fastened by staples, 
even temporarily, but always supported on porcelain cleats which 
will separate the wires at least one-half inch from the surface 
wired over and keep the wires not less than two and one-half 



Digitized by 
191 



Google 



5 

> 

73 

9 
U 

< 









dddd^'co 



ddd»^Nio 



04 '4< QO QO iC ^ 

ddd>H ccr>l 



dd^'c'«'4<od 



dd^citod 



d d « CO d -«' 



dd-^'eod« 



OO«-tC0t^V 



d^'ci-'f odd 



t-iOOiiOO^ 



o'coooio I 






e^-^oocoio 



^'c^'io^'d 



•oo»r*o 



^'ccdeo 



B »-* ■* fll*fl c*i *-» -* CC ^ 1- 



^tn^4 i3i r^ c ^ rt ,rj ^1 ^ 



p w tr * ? 
■ji pa OD 1^ ^ . „ 



Sc»aic*J3ffi« 
-^ fcO -^ r- c 



gg 



'1' ffj tr; CM as I-. s f «— 



^ Si — *f ffl to t'l O) l--» EC CC CI r^ 



■fl" M m CJ ^ rt « 



;^ p ^*40 -f ffi *->. I-- re rc «■ O aC — r- 



•o-*rt^iH - 






& ^* ft & ^ T _ 






H S p> r- 5 2 



1 no 03 o Oi « r> r^ 3 



ISSSS! 



SOOQOOC 



y. I - -^ ri -JO ;d 
I 'T — ' Ci t- LT -t 



sc ei w ^ 



040 






is 



PC ^ wwratirr' 






M 



noi" 



5 1^ *^ »o O 

O f*2 ^4 I ^ *^ 

■«< a If; ?it 03 1^ 
I c-i "- — ^ 



0tSCOgS74 I 






So t-i *ft ITS Q Q ift lo !*:■ n t^ -DC c 

^ tc o <i; i-^ 4Ci' cm TO ^ c^ qc n 

-f-i ^ i-H ^ ^ 




^Q^e'l^^^■Q0'□OO?'1*l•^ 






= i/^ U3QQ lit u5 Q O QQ O O eJ fl 

g ^ j^ 5 as fT-H 5 3 5^$ ^ ,?7 CJ ^ 



Digitized by 



192 



Google 



ELECTEIC WIRING 41 

inches apart. Three-wire cleats may be used when the neutral 
wire is run in the center and at least two and one-half inches 
separate the two outside or -|- and — wires. This style of wiring 
is intended for low-voltage systems (300 volts or less) ; and when 
it is all open work, rubber-covered wire is not necessary, as 
"weatherproof" wire may be used. Weatherproof wire should 
not be used in moulding. Wires should not be fished between 
floors, walls or partitions, or in concealed places, for any great 
distance, and only in places where the inspector can satisfy himself 
that the rules have been complied with, as this style of work is 
always more or less uncertain. 

Twin wires should never be used, except in conduits or when 
flexible conductors are necessary; they are always unsafe for 
light or power circuits on account of the short distance between 
them. 

All wiring should be protected on side walls from mechanical 
injury. This may be done by putting a substantial boxing about 
the wires, allowing an air space of one inch around the con- 
ductors, closed at the top (the wire passing through bushed holes) 
and extending about five feet above the floor. Sections of iron- 
armored conduit may be used, and in most cases are preferable, 
as they take up but little room and are very rigid. 

If, however, iron pipes are used with alternating currents, 
the two or more wires of a circuit should always be placed in the 
same conduit. If plain iron pipe be used the insulation of that 
portion of each wire within the pipe should be reinforced by a 
tough conduit tubing projecting beyond the iron tubing at both 
ends about two inches. 

When crossing floor timbers in cellars or in rooms where they 
might be exposed to injury, wires should be attached, by their 
insulating supports, to the under side of wooden strips not less 
than one-half inch in thickness and not less than three inches 
wide. 
OBNBRAL VORnUUE FOR LIOHT AND POWER WIRING. 

c. m.==circular mils. 

d == length of wire, in feet, on one side of circuit 
n = number of lamps in multiple. 
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ELECTEIC WIKING 48 

c = current in amperes per lamp. 
V = volts lost in lines, 
r = resistance per foot of wire to be used. 
10.8 ohms resistance of one foot of commercial copper wire 
having a diameter of one mil and a temperature of 75** Fahren- 
heit. 

It is an easy matter to find any of the above values by the 
following formulae: 



10.8 X2dXn 


X« 




e.m.= 

V 






10.8 X 2dX n X 


e 


cm. X V 


V — — 

cm. 




10.8X2dXn 


cm X V 




cm, X V 


" 10.8 X 2d X c 

V 


'" 10.8 X c X n 


'' n X c X 2d 







v = nXcX2dXT 



2d X n X r 



U = 



cX2dXr nXcXr 

Arc Light Wlrins* All wiring in buildings for constant- 
current series arc lighting should be with approved rubber-cov- 
ered wire, and the circuit arranged to enter and leave the building 
through an approved double-contact service switch, which means 
a switch mounted on a non-combustible, non-absorptive insulating 
base and capable of closing the main circuit and disconnecting the 
branch wires when turned "off." This switch must be so con- 
structed that it will be automatic in action, not stopping between 
points when started, must prevent an arc between points under all 
circumstances, and must indicate, upon inspection, whether the 
current is "on" or "off." Such a switch is ne^;essary to cut the 
high voltage completely out of the building by firemen in case of 
fire or when it becomes necessary to make any changes in the 
lamps or wiring. 
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44 ELECTEIC WIBING 

This class of wiring should never be concealed or encased 
except when requested by the Electrical Inspector, and should 
always be rigidly supported on porcelain or glass insulators which 
will separate the wiring at least one inch from the surface wired 
over, and which must be kept at least four inches from each other 
on all voltages up to 750, and eight inches apart when the voltages 
exceed 750. No wires carrying a voltage of over 3,500 should 
be carried into or over any buildings except ceiitral stations and 
sub-stations. All arc light wiring should be protected on side 
walls and when crossing floor timbers where wires are liable to 
injury. In mill-construction buildings, arc wires of No. 8 and 
larger, where not liable to be disturbed, may be separated six 
inches for voltages up to 750, and ten inches for voltages above 
750; may run from timber to timber, not breaking round; and 
may be supported at each timber only. In running along beams 
or walls and ceilings they should be supported at' intervals not 
exceeding four and one-half feet. 

SPECIAL WIRINQ, 

Special wiring for damp places such as breweries, packing 
houses, stables, dye houses, paper or pulp mills, or buildings espe- 
cially liable to moisture or acid or other fumes likely to injure 
the wires or their insulation, should be done with approved rubber- 
covered wire, and rigidly supported on porcelain or glass insula- 
tors which separate the wires at least one inch from the surface 
wired over, and which must be kept apart at least two and one-half 
inches. The wire in such damp places should contain no splices, 
as it is almost impossible to tape a splice that will prevent acid 
fumes from getting at the copper surface. 

Moulding Work should always be done with approved rubber 
covered wire to prevent leakage should the moulding become 
damp. 

This class of work should never be done in concealed or damp 
places, for fear that water may soak into the wood and cause 
leakage of current between the wires, burning the wood and start- 
ing a fire. The action of the current in a case like this is to con- 
vert the wood very gradually into charcoal, then dry the water out 
and ignite the charcoal thus formed. Great care should be ob- 
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served in driving nails into moulding, to avoid puncturing the 
insulation and possibly grounding the circuit in a way that not 
only might be difficult to locate, but might cause a concealed fire 
back of the plastering or wood work to which the moulding is 
attached. 

Moulding should be of hard wood and made of two pieces, 
a backing and capping, so constructed as to thoroughly encase the 
wire. It should provide a one-half inch tongue between the con- 
ductors and a solid backing, which under the grooves should be 
not less than three-eighths of an inch in thickness and able to give 
suitable protection from abrasion. 

Concealed Wiriog or that which is to be run between 
walls and floors and their joists, should always be done with ap- 
proved rubber-covered wire, and should be rigidly supported on 
porcelain or glass insulators which will separate the wires at least 





Fig. 10. 

Samples of approved moulding when filled and covered with at least 
two coats of waterproof paint. 

one inch from the surface wired over. The wires should be kept 
at least ten inches apart, and where it is possible should be run 
singly on separate timbers or joists. The insulators should be 
placed not farther than four feet apart in any case, and where 
there is any liability of the wires coming in contact with anything 
else, due to a possible sagging, the supports should be placed much 
closer together. In some cases where it is impossible to rigidly 
support the wiring on porcelain or glass insulators in concealed 
places, the wires, if not exposed to moisture, may be fished on the 
loop system if encased throughout in approved continuous flexible 
tubing or conduit. Fishing under floors or between walls is done 
by boring holes at suitable distances apart and pushing a flat 
spring wire from one hole toward the other and catching it with a 
wire hook. The flexible conduit and wires may then be pulled 
into place. 



Digitized by 
197 



Google 



46 ELECTRIC WIRING 

Although this fished work may be passed when the sur- 
rounding conditions are, at the time of inspection, perfectly satis- 
factory, it should be avoided, as trouble will arise in this class of 
work sooner than in any other, when all conditions are equal. 

Insulated Metal Conduits— (S|>eclficatlons). The metal 
covering or pipe should be of sufiicient thickness to resist pene- 
tration by nails, etc., or the same thickness as ordinary gas pipe 
of the same size. 

It should not be seriously affected externally by burning out 
a wire inside the tube when the iron pipe is connected to one side 
of the circuit. 

The insulating lining should be firmly attached to the pipe, 
and should not crack or break when a length of conduit is uni- 
formly bent at a temperature of 212 degrees Fahrenheit, to an 
angle of 90 degrees, with a curve having a radius of 15 inches, for 
pipes of 1 inch or less, or a radius of fifteen times the diameter of 
the pipe for larger sizes. 

The insulating lining should not soften injuriously at a tem- 
perature below 212 degrees Fahrenheit, and should leave water in 
which it has been boiled, practically neutral. 

The insulating lining should be at least one-thirty-second of 
an inch in thickness ; and the materials of which it is composed 
should be of such a nature as will not have a deteriorating effect 
on the insulation of the conductor, and be sufficiently tough and 
tenacious to withstand the abrasion test of drawing in and out of 
some long lengths of conductors. 

The insulating lining should not be mechanically weak after 
three days' submersion in water, and, when removed from the 
pipe entire, should not absorb more than ten per cent of its weight 
of water during 100 hours of submersion. 

All elbows should be made for the purpose, and not bent from 
lengths of pipe. The radius of the curve of the inner edge of 
any elbow should not be less than three and one-half inches; 

There should not be more than the equivalent of four quarter 
bends from outlet to outlet, the bends at outlets not being counted. 

Each length of conduit, whether insulated or uninsulated, 
should have the maker's name or initials stamped in the metal or 
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attached to it in some satisfactory manner^ so that it may be read- 
ily seen, thus rendering it possible to place the responsibility for 
pieces not up to standard. 

Uninsulated lletal Conduits or plain iron or steel pipes may 
be used instead of the insulated metal conduits, if made equally 
as strong and thick as the ordinary form of gas pipe of the same 
size, provided their interior surfaces are smooth and free from 
burrs. To prevent oxidation, the pipe should be galvanized, 
or the inner surfaces coated or enameled with some substance 
which will not soften so as to become sticky and prevent the wire 
from being withdrawn from the pipe. Elbows must be made for 
the purpose, and not bent from lengths of pipe. The radius of 
curves and number of bends from outlet to outlet should be the 
same as given under Insulated Metal Conduits. This bare iron 
or steel pipe should never contain any but a special extra insu- 
lated wire as hereinafter described : 

Conduit Wire for Insulated rietal Conduits* whether single 
or twin conductors, should be standard rubber-covered wire as 
described on page 35 ; and where concentric wire is used in insu- 
lated metal conduits, it should have a braided covering between 
the outer conductor and the insulation of the inner conductor, and 
in addition should comply with and be able to withstand the test 
of standard rubber-covered wire. 

Conduit Wire for Uninsulated Metal Conduits should not 
only have a standard rubber insulation as required for Insulated 
Metal Conduits, but in addition should have a second outer fibrous 
covering at least one-thirty-second inch in thickness, and suffi- 
ciently tenacious to withstand the abrasion of being hauled 
through the metal conduit. When concentric conductors are to 
be used in uninsulated metal conduits, they not only should 
comply with the requirements when used in insulated metal con- 
duits, but, in addition, should have a second outer fibrous covering 
at least one-thirty-second of an inch in thickness and sufficiently 
tenacious to withstand the abrasion of being hauled through the 
metal conduit. 

Interior Conduit Installation. All conduits should be con« 
tinuous from one junction box to another or to fixtures^ and the 
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conduit tube should properly enter all fittings, otherwise the con- 
ductors are not perfectly protected, and water is much more 
liable to gain an entrance into the conduit. 'No conduit with an 
inside diameter of less than five-eighths inch should be used. 

The entire conduit system for a building should be com- 
pletely installed before a single wire is drawn in ; and all ends of 
conduits should extend at least one-half inch beyond the finished 
surface of walls or ceilings, except that, if the end is threaded and 
a coupling screwed on, the conduit may be left flush with the 
surface, and the coupling may be removed when work on the 
building is completed. 

After all conductors have been drawn or pushed in, all outlets 
should be plugged up with special wood or fibrous plugs made in 
parts to fit around the wire, and the outlet then sealed with a good 
compound to keep out all moisture. All joints should be made 
air-tight and moisture-proof. 

The metal of every conduit system should be effectually and 
permanently grounded. The conduit is likely to be more or less 
grounded, and a positive ground is necessary for the same reason 
that a positive ground is required for generator frames when it is 
impossible to insulate them perfectly. 

Conduit Wirlns^ The reason why standard rubber covered 
wire, and not weatherproof, should be used in conduits, is that the 
best possible insulation is desirable for this class of work, as the 
insulating lining of the conduit may be defective in places, and 
there is a possibility of dampness getting into the conduit. 

No wires should be drawn in until all mechanical work on 
the building is done. 

Wires of different circuits should not be drawn in the same 
conduit. 

For alternating systems, the two or more wires of a circuit 
should be drawn in the same conduit, in order to avoid trouble 
from inductive losses, which, under certain conditions, would 
cause a heating of the iron conduit to a dangerous degree. This 
trouble from induction becomes very much less if the wires are 
in the same conduit; less still, if the wires are twisted together; 
and disappears almost entirely if concentric wire is used. 
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Even in direct-current work it is advisable to place the two 
wires of a circuit in the same conduit, as in so doing the direct 
current may be changed for the alternating current without the 
necessity of rewiring, which would be necessary if only a single 
wire were placed in a conduit 

Fixtures, when supported from .the gas piping of a build- 
ing, should be insulated from the gas-pipe system by means of 
approved insulating joints placed as close as possible to the ceiling, 
and the wires near the gas pipe above the insulating joint should 
be protected from possible contact by the use of porcelain tubes. 

All burrs or fins should be removed from the fixtures before 
the wires are drawn in. The tendency to condensation within 
the pipes should be guarded against by sealing the upper end of 
the fixture. 

In combination fixtures, where the wiring is concealed 
between the inside pipe and outer casing, the space between pipe 
and casing should be at least a quarter of an inch to allow plenty 
of room for the insulation of the wires without jamming. 

Fixtures should be tested for "contacts" between conductors 
and fixtures, for "short circuits" and for ground connections, be- 
fore being connected to the supply conductors. 

Ceiling blocks of fixtures should be made of insulating 
material ; if not, the wires in passing through the plate should be 
surrounded by porcelain tubes. 

Rosettes. These fittings should not be located where inflam- 
mable flyings or dust will accumulate on them. Bases should be 
high enough to keep the wires and terminals at least one-half inch 
from the surface to which the rosette is attached. 

Terminals with a turned up lug to hold the wire or -cord 
should be used, and in no case must the wire be cut or injured. 
Fused rosettes are not advised for use where cords can be properly 
protected by line cut-outs. If fused rosettes are used, the next 
fuses back should not be over 25 amperes capacity. 

Fixture Wiring should be done with fixture wire, which has 
a solid insulation with a slow-burning, tough, outer covering, the 
whole at least one-thirty-second of an inch in thickness, and 
having an insulation resistance between conductors, and between 
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either conductor and the ground, of at least one megohm per mile, 
after one week's submersion in water at 70 degrees Fahrenheit, 
and after three minutes' electrification with 550 volts. 

Although No. 18 (B. & S. gauge) is allowable in fixture 
work, it is never advisable to use smaller than No. 16, for 
mechanical reasons. Supply conductors, and especially the splices 
to fixture wires, should be kept clear of the grounded part of gas 
pipes, and where shells are used the latter should have area 
enough to prevent pressing the wires against the gas pipe when 
finally in place. Where fixtures are wired on the outside, it is 
advisable to use cord for attaching the wires to the fixture, and 
not short bits of wire, as the latter might produce a short circuit 
or ground. 

Flexible Cord should be made of a number of copper strands; 
no single strand should be larger than No. 26 or smaller than No. 
30 (B. & S. gauge), and each conductor should be covered by an 
approved insulation and be protected from mechanical injury by 
a tough, braided, outer covering. When used for pendant lamps it 
should hang freely in air and be so placed that there is no chance 
of its coming in contact with anything excepting the lamp socket 
to which it is attached and the rosette from which it hangs. Each 
stranded conductor should have a carrying capacity equivalent to 
not less than a No. 18 (B. & S. gauge) wire. The covering of the 
stranded wires for flexible cord should first have a tight, close 
wind of fine cotton, which is intended to prevent any broken 
strand from piercing the insulation and causing a short circuit or 
ground. Secondly, it should have a solid waterproof insulation 
at least one-thirty-second of an inch thick, and should show an 
insulation resistance of 50 megohms per mile throughout two 
weeks' submersion in water at 70 degrees Fahrenheit. The outer 
protecting braiding should be so put on and sealed in place that 
when cut it will not fray out. 

Flexible cord should not be used as a support for clusters, 
^ as it is not strong enough, and it should never be used for any- 
thing other than pendants, wiring of fixtures and portable lamps, 
portable motors, or small, light electrical apparatus. 

Flexible cord should never be used in show windows, as a 
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defective piece might cause a short circuit and set fire to flimsy 
material or decorations. Many fires have been caused by the use 
of flexible cord in show wirdows, where handkerchiefs, decora- 
tions, etc., have been pinned to the cord. When the current is 
"turned on" short circuits are caused by the pins, and a fire is 
the result. 

Insulating bushings should be used where cords enter lamp 
sockets and desk stand lamps. 

Flexible cord should be so suspended that the entire weight 
of the socket, lamp and shade will be borne by knots under the 
bushing in the socket, and above the point where 
the cord comes through the ceiling block or 
rosette, in order that the strain may be taken 
from the joints and binding screws. It is good 
practice always to solder the ends of flexible 
cords which are going under binding screws, as 
it holds the strands together and prevents the 
pressure of the screws from forcing the strands . . 

from under them and against the shell of the ^^^^^^^ 
socket, causing a grounded shell or short circuit. p. -- 

Where it becomes necessary to solder a Waterproof keyless 

. - , •11 socket, to be used in 

great number of ends, as may be required when dye houses or damp 
wiring a factory, use a small pot of melted 
solder and dip the ends of the wire, which have all been previously 
cut to the proper length. 

Standard Lamp Sockets should be plainly marked 50 candle- 
power, 250 volts, and with either the manufacturer's name or 
registered trade mark. The inside of the shell of the socket 
should have an insulating lining which should absolutely prevent 
the shell from becoming part of the circuit, even though a wire or 
strand inside the socket should become loose or come out from 
under a binding screw. This insulating lining should be at least 
one-thirty-second of an inch thick and of a tough and tenacious 
material. 

S|>ecial Lamp Sockets. In rooms where inflammable gases 
may exist, both the socket and lamp should be enclosed in a vapor- 
tight globe, supported on a pipe-hanger, and wired with ^Tlubber- 
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Covered^* wire soldered directly to the circuit No fuses or 
switches of any sort should be used in such cases, as the slightest 
arc might produce dangerous explosions or fires. See Fig. 11. 

In damp or wet places, such as dye houses, breweries, eta, a 
waterproof socket such as shown on page 51 should be used. 
Waterproof sockets should be hung by separate stranded rubber- 
covered wires, not smaller than No. 14 (B. & S.). These wires 
should be soldered direct to the circuit wires, but supported inde- 
pendently of them. All sockets for the above conditions should 
be keyless. 

Stranded Wires in every case should be soldered together 
before being clamped under binding screws, and when they have 
a conductivity greater than No. 10 (B. & S.) copper wire they 
should be soldered into lugs. Stranded wires if not thus stiffened 
before being clamped under binding posts, are liable to be pressed 
out or easily worked loose, making a poor contact, which causes 
heating, a possibility of arcing or a complete bum out, or fusing 
of the wire at this point. 

Bushlnss. All wires should be protected when passing 
through walls, partitions or floors, by non-combustible, non- 
absorptive insulating tubes, such as glass or porcelain. Each 
budhing should be long enough to go clear through and allow a 
projection of at least a quarter of an inch on both ends. Bush- 
ings should be long enough to bush the entire length of the hole 
in one continuous piece; or else the hole should first be bushed 
by a continuous waterproof tube, which may be a conductor, swch 
as iron pipe, and the tube then should have a non-conducting bush- 
ing pushed in at each end so as to keep the wire absolutely out of 
contact with the conducting pipe. 

Automatic Cut-outs such as circuit breakers and fuses should 
be placed on all service wires as near as possible to the point 
where they enter the building, on the inside of the walls, and 
arranged to cut off the entire current from the building. 

The cut-out or circuit breaker should always be the first 
thing that the service wires are connected to after entering the 
building; the switch next, and then the other fixtures or devices 
in their order. This arrangement is made so that the cut-out or 
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circuit breaker will protect all wiring in the building, and the 
opening of the switch will disconnect all the wiring. 

These automatic cut-outs should not, however, be placed in 
the immediate vicinity of easily ignitible stuff, nor where exposed 
to inflammable gases or dust, or to flyings of combustible material, 
as the arcing produced whenever they break the circuit might 
cause a flre or explosion. When they are exposed to dampness 
they should be inclosed in a waterproof box or mounted on 
porcelain knobs. All cut-outs and circuit breakers should be sup- 
ported on bases of non-combustible, non-absorptive insulating 
material. Cut-outs should be provided with covers when not 
arranged in approved cabinets, so as to obviate any danger of the 
melted fuse metal coming in contact with any ignitible substance. 

Cut-outs should operate successfully under the most severe 
conditions they arc liable to meet with in practice, on short cir- 
cuits, with fuses rated at 50 per cent above, and with a voltage 
25 per cent above, the current and voltage for which they are de- 
. signed. Circuit breakers should also be designed to operate suc- 
cessfully under the severe conditions liable to be met with in prac- 
tice, or at 50 per cent above the current and with a voltage of 25 
per cent above that for which they are designed. All cut-outs and 
circuit breakers should be plainly marked, and where it will 
always be visible, with the name of the maker as well as the cur- 
rent and voltage for which the device is designed. 

Cut-outs or circuit breakers should be placed at every point 
where a change is made in the size of wire, unless such a device 
in the larger wire will protect the smaller. They should never 
be placed in canopies or shells of fixtures, but should be so placed 
that no set of incandescent lamps, whether grouped on one fixture 
or several fixtures or pendants, requiring a current of more than 
six amperes, should be dependent upon one cut-out. Special per- 
mission may be given in writing by the Inspection Department 
having jurisdiction, in case extra large or special chandeliers are 
to be used. Fused rosettes, when used with flexible cord pendants, 
are considered as equal to a cut-out. Fuses for cut-outs should 
not have a capacity to exceed the carrying capacity of the wire; 
and wtere circuit breakers are used they should not be set more 
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than 30 per cent above the allowable carrying capacity of the 
wire, unless a fusible cut-out is also installed in the circuit. 

Circuit breakers open at exactly the current they are set for, 
and instantly; therefore it is necessary to get them considerably 
above the ordinary amount of current required, to keep them from 
constantly opening on slight fluctuations. When this is the case 
a double-pole fusible cut-out should be added to protect the wire 
from a heavy, steady current, which may be maintained just 
below the opening j)oint of the circuit breaker. The fuse requires 
a little time to heat, and therefore would not blow out with a 
momentary rise of current which might open the circuit breaker 
if set as low as necessary to protect the wire, which may be of a 
size only large enough for the figured amount of current under 
ordinary conditions of operation. If, however, in the case of 
motor wiring, the size of wire is 50 per cent above the figured 
size for the motor's average current, as it should be, then the 
introduction of a fusible cut-out in addition to the circuit breaker 
is unnecessary. 

Intulating Joints should be made entirely of material that 
will resist the action of illuminating gases, and that will not give 
way or soften under the heat of an ordinary gas flame, or leak 
under a moderate pressure. 





Fig. 12. 
The Macallen Insulating Joint. 

They should be so arranged that a deposit of moisture will 
not destroy the insulating effect, and should have an insulation 
resistance of at least 250,000 ohms between the gas pipe attach- 
ments, and be sufficiently strong to resist the strain they will be 
liable to be subjected to in being installed. 
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Insulating joints should not contain any soft rubber in their 
composition. The insulating material should be of some hard 
and durable material^ such as mica. See Fig. 12. 

Insulation Resistance. The wiring in any building should 
test free from groimds, i, e., the complete installation should have 
an insulation between conductors and between all conductors and 
the ground (not including attachments, sockets, receptacles, etc.), 

of not less than the following: 

Up to— 

5 amperes 4,000,000 

10 amperes 2,000,000 

25 amperes 800,000 

50 amperes 400,000 

100 amperes 200,000 

200 amperes 100,000 

400 amperes 50,000 

800 amperes 25,000 

1,000 amperes 12,500 

All cut-outs and safety devices in place in the above. 

Where lamp sockets, receptacles and electroliers, etc., are 
connected, one-half of the above will be required. 

Knife Switches. Switches should be placed on all service 
wires, either overhead or underground, in a readily accessible 
place, as near as possible to the point where the wires enter the 
building, and arranged to cut off the entire current. 

Knife switches should always be installed so that the handle 
will be up when the circuit is closed, so that gravity will tend to 
open rather than close the switch. They should never be single- 
pole except when the circuit which they control is carrying not 
more than six 16-candle-power lamps or their equivalent. 

Double-pole switches are always preferable to single-pole, 
as they absolutely disconnect the part of the circuit out of use. 

Flush Switches* Where gangs of flush switches are used, 
whether with conduit systems or not, the switches should be 
enclosed in boxes constructed of, or lined with, fire-resisting 
material. 

Where two or more switches are placed under one plate, the 
box should have a separate compartment for each switch. No 
push buttons for bells, gas lighting circuits, or the like, should 
be placed in the same wall plates with switches controlling 
electric light or power wiring. 
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Snap Switches, like knife switches, should always be 
mounted on non-combustible, non-absorptive, insulating bases, 
such as slate or porcelain, and should have carrying capacity 
sufficient to prevent undue heating. . 

When used for service switches they should indicate at sight 
whether the current is "on" or *^off." Indicating switches should 
be used for all work, to prevent mistakes and possible accidents. 
The fact that lights do not burn or the motor does not run is not 
necessarily a sure sign that the current is off. 

Every switch, like every piece of electrical apparatus, should 
be plainly marked, where it is always visible, with the maker's 
name and the current and voltage for which it is designed. 

On constant - potential systems, these switches, like knife 
switches, should operate successfully at 50 per cent overload in 
amperes with 25 per cent excess voltage, under the most severe 
conditions they are likely to meet with in practice. They should 
have a firm contact, should make and break readily, and not stop 
when motion has once been imparted to the handle. When this 
style of switch is used for constant-current systems, they should 
close the main circuit and disconnect the branch wires when 
turned "off;" should be so constructed that they will be auto- 
matic in action, not stopping between points when started; and 
should prevent an arc between the points under all circumstances. 
They should also indicate at sight whether the current is "on" 
or "off." 

Incandescent Lamps. Table X is compiled from a series of 
careful tests on a number of incandescent lamps taken from a 
large stock at random. 

Poor regulation of voltage results in more trouble with 
incandescent lamps and their users than any other fault in electric 
lighting service. 

Some men act on the theory that so long as the life of a lamp 
is satisfactory, an increase of voltage, either temporary or perma- 
nent, will increase the average light. The fact is that when 
lamps are burned above their normal rating the average candle- 
power of all the lamps on the circuit is decreased. 

Excessive voltage is thus a double error — it decreases the 
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TABLE X. 



Volts. 


CP. 


Amp. 


Watts 
Per Lamp. 


Watts 
PerCP, 


Hot 
Res. 


52 


10 


.67 


85 


8.50 


77.61 


M 


16 


1.08 


56 


M 


48.14 


M 


20 


1.84 


70 


M 


88.80 


M 


24 


1.62 


84 


M 


82.00 


M 


82 


2.15 ' 


112 


M 


24.18 


M 


50 


8.86 


175 


M 


15.47 


M 


100 


6.78 


850 


M 


7.72 


M 


150 


10.09 


525 


•• 


6.1S 


104 


10 


.84 


85 


8.50 


806.88 


M 


16 


.54 


56 


M 


192.69 


M 


20 


.67 


70 


« 


185.22 


M 


24 


.81 


84 


n 


128.39 


M 


82 


1.08 


112 


M 


96.29 


M 


50 


1.68 


175 


M 


61.90 


M 


100 


8.86 


850 


M 


80.96 


M 


150 


5.05 


525 


M 


90.68 


110 


10 


.32 


85 


8.50 


843.75 


M 


16 


.51 


56 


M 


215.68 


M 


20 


.64 


70 


U 


171 ,W 


M 


24 


.76 


84 


M 


144.73 


« 


82 


1.02 


112 


M 


107.84 


« 


50 


1.59 


175 


M 


691.82 


• 


100 


8.18 


850 


M 


84.59 


• 


150 


4.77 


525 


M 


23.06 


sao 


16 


•291 


64 


4.00 


766.01 


M 


82 


.582 


128 


<l 


879.81 



total light of the lamps, and increases the power consumed. If 
increased light is needed, 20-candle-power lamps should be in- 
stalled instead of raising the pressure. Their first cost is the 
same as 16-candle-power lamps; they take but little more current 
than 16-candle-power lamps operated at high voltage and give 
greater average light. 

Increased pressure also decreases the conunercial life of the 
lamp, and this decrease is at a far more rapid rate than tte 
increase of pressure, as shown in the following table. This table 
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shows the decrease in life of standard 3.1-watt lamps due to 
increase of normal voltage. 

Per Cent of 
Normal Voltage. Life Factor. 

100 JL.O0O 

101 818 

102 681 

103 662 

104 452 

105 374 

106 310 

From this tabic it is seen that 3 per cent increase of voltage 
halves the life of a lamp, while 6 per cent increase reduces the life 
by two thirds. 

Intensity or Brilliancy. The average brilliancy of illumi- 
nation required will depend on the use to which the light is put. 
A dim light that would be very satisfactory for a church would 
be wholly inadequate for a library and equally unsuitable for a 
ballroom. 

The illumination given by one candle at a distance of one 
foot is called the "candle-foot" and is taken as a unit of intensity. 
In general, intensity of illumination should nowhere be less than 
one candle-foot, and the demand for light at the present time 
quite frequently raises the brilliancy to double this amount. As 
the intensity of light varies inversely with the square of the dis- 
tance, a 16-candle-power lamp gives a candle-foot of light at a 
distance of four feet. A candle-foot of light is a good intensity 
for reading purposes. 

Assuming the 16-candle-power lamp as the standard, it is 
generally found that two 16-candle-power lamps per 100 square 
feet of floor space give good illumination, three very bright and 
four brilliant. These general figures will be modified by the 
height of ceiling, color of walls and ceiling, and other local condi- 
tions. The lighting effect is reduced, of course, by an increased 
height of ceiling. A room with dark walls requires nearly three 
times as many lights for the same illumination as a room with 
walls painted white. With the amount of intense light available 
in arc and incandescent lighting, there is danger of exceeding 
"the limits of effective illumination** and producing a "glaring 
intensity** which should be avoided as carefully as too little 
intensity of illumination. 
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Distribution concerns the arrangement of the various sources 
of light and the determination of their candle - power. The 
object should be to "secure a uniform brilliancy on a certain 
plane, or within a given space. A room uniformly lighted, even 
though comparatively dim, gives an effect of much better illumi- 
nation than where there is great brilliancy at some points and 
comparative darkness at others. The darker parts, even though 
actually light enough, appear dark by contrast, while the lighter 
parts are dazzling. For this reason naked lights of any kind are 
to be avoided, since they must appear as dazzling points in con- 
trast with the general illumination." 

Tlie Arrangement of the Lamps is dependent very largely 
upon existing conditions. In factories and shops, lamps should 
be placed over each machine or bench so as to give the necessary 
light for each workman. In the lighting of halls, public build- 
ings and large rooms, excellent effects are obtained by dividing 
the ceilings into squares and placing a lamp in the center of each 
square. The size of square depends on the height of ceiling and 
on the intensity of illumination desired. Another excellent method 
consists in placing the lamps in a border along the walls near the 
ceiling. 

For the illumination of show windows and for display effects, 
care must be taken to illuminate by reflected light. The lamps 
should be so placed as to throw their rays upon the display with- 
out casting any direct rays on the observer. 

The relative value of high candle-power lamps in comparison 
with an equivalent number of 16-candle-power lamps is worthy of 
notice. Large lamps can be efficiently used for lighting large 
areas, but in general a given area will be much less effectively 
lighted by high candle-power lamps than by an equivalent number 
of IG-candle-power lamps. For example, sixteen 64 -candle-power 
lamps distributed over a large area will not give as good general 
illumination as sixty-four 16-candle-power lamps distributed over 
the same area. High candle-power lamps are useful chiefly when 
a brilliant light is needed at one point, or where space is limited 
and an increase in illuminating effect is desired. 

Tlie Relative Value of tlie Arc and incandescent Systems 
of Llffhting is frequently difficult to determine. Incandescent 
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TABLB XI. 

TMttd PuM Win. 

Chase-Shawmut Co., 
Boston. 






Carrying 
Capacity. 
Amperes. 


Standard 
Length. 
Inches. 


Diameter 
in Mils. 


Feet 
Per Pound. 




X 


]H 


10 


2.700 




H 


IM 


17 


950 




1 


l>i 


20 


670 




IK 


iH 


23 


610 




8 


IH 


25 


430 




8 




27 


370 




4 


IH 


90 


SCO 




6 


2 


85 


812 




8 


2 


88 


604 




7 


2 


44 


021 




8 


8 


47 


120 




« 


2 


54 


93 




10 


2 


58 


80 




12 


8 


62 


70 




U 


8 


68 


60 




16 


8 


70 


62 




16 


8 


73 


49 




18 


8 


78 


43 




20 


4 


86 


95 




25 


4 


90 


82 




80 


4 


100 


26 




85 


4 


110 


22 




40 


4 


122 


18 




45 


4 


126 


17 




CO 


4 


147 


12.5 




60 


5 


160 


10.8 




TO 


5 . 


172 


9.0 




76 


5 


178 


8.8 




80 


5 


190 


7.6 




90 


5 


196 


6.7 




100 


• 


220 


5.5 
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lamps have the advantage that they can be distributed so as to 
avoid the shadows necessarily cast by one single source of light. 
Arc lamps used indoors with ground or opal globes cutting off 
half the lights have an efficiency not greater than two or three 
times that of an incandescent lamp. Nine 50-watt, 16-candle-' 
power lamps consume the same power as one full 450-watt arc 
lamp. It has been found that unless an area is so large as to 
require 200 or 300 incandescent lights distributed over it, arc 
lamps requiring equal total power will not light the area with so 
uniform a brilliancy. 

Fuses should have contact surfaces or tips of harder metal, 
having perfect electrical connection with the fusible part of the 
strip. 

The use of the hard metal tip is to afford a strong mechanical 
bearing for the screws, clamps or other devices provided for 
holding the fuse. 

Fuses should be stamped with about 80 per cent of the 
maximum current they can carry indefinitely, thus allowing about 
26 per cent overload before the fuse melts. 

With naked open fuses of ordinary shapes and not over 500 
amperes capacity, the maximum current which will melt them in 
about five minutes may be safely taken as the melting point, as 
the fuse practically reaches its maximum temperature in this 
time. With larger fuses a longer time is necessary. 

The following table shows the minimum break distance, and 
the separation of the nearest metal parts of opposite polarity, for 
open-link fuses when mounted on slate or marble bases, for differ- 
ent voltages and different currents : 

Separation of nearest 

metal parts of Minimum 
125 Volts or Less. opposite polarity, break distance. 

10 amperes or less ^ inch % inch 

11—100 amperes 1 inch ^ inch 

101—300 amperes 1 inch 1 inch 

125 TO 250 Volts. 

10 amperes or less VA inch VA inch 

11—100 amperes 1^ inch VA inch 

101—300 amperes 2 inch VA inch 

Pose Terminals should be stamped with the maker's name or 

initials, or some known trade-mark. 
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Fuse Wire. Table XI shows the sizes of fuse wire and thje 
approximate current-carrying capacity of each size. 

Fuses have been known to blow out simply from the heat duo 
to poor contact when nowhere near their current-carrying capacity 
'had been reached. They should be so put up and protected that 
nothing will tend to rupture them except an excessive flow of 
current. No fuse of the larger sizes ever blew out without 
causing a greater or less fire risk. 

Fuses blow out or melt from excessive heat, and nothing 
else, and are therefore not as instantaneous in their action as a 
circuit breaker, which is constantly cared for and kept clean. 
Central stations or large isolated plants subject to greatly varying 
loads should have their lines and generators protected by both 
fuses and magnetic circuit breakers as a double protection against 
excessive current. 

The lengths of fuses and distances between terminals are 
important points to be considered in the proper installation of 
these electrical "safety valves." No fuse block should have its 
terminal screws nearer together than one inch on 50 or 100-volt 
circuits, and one inch additional space should always be allowed 
between terminals for every 100 volts in excess of this allowance. 
For example, 200-volt circuits should have their fuse terminals 
2 inches apart, 300-volt 3 inches, and 500-volt 5 inches. This 
rule will prevent the burning of the terminals on all occasions of 
rupture from maximum current, and this maximum current 
means a "short circuit." Good contact is absolutely essential in 
the installation and maintenance of fuses. See that the copper 
tips to all fuses are w^ell soldered to the fuse wire, and further- 
more see that the binding screw or nut is firmly set up against 
this copper tip when the fuse is placed in circuit ; a 100-ampere 
fuse can be readily ^T:)lown" by 25 amperes if the above pre- 
cautions are not carried out. Poor contact in every case can 
cause a heating beyond the carrying capacity of the largest fuses. 
On the other hand, much damage can be done by using too short 
fuses and too large terminals, as the radiation of heat from the 
short piece of fuse wire to the heavy metal terminals and set 
screws or nuts can very easily raise the current-carrying capacity 
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of a fuse designed to carry 50 amperes to 100 amperes^ or even 
more. All open-link fuses should be placed in cut-out cabinets 
when possible. 

Cut-out Cabinets should be so constructed, and cut-outs so 
arranged, as to obviate any danger of the melted fuse metal com- 
ing in contact with any substance which might be ignited thereby. 

A suitable box may be made of marble, slate or wood, 
strongly put together, the door to close against a rabbet so as to be 
perfectly dust tight, and it should be hung on strong hinges and 
held closed by a strong hook or catch. If the box is wood the 
inside should be lined with sheets of asbestos board about one- 
sixteenth of an inch in thickness, neatly put on and firmly 
secured in place by shellac and tacks. The wires should enter 
through holes bushed with porcelain bushings, the bushings tightly 
fitting the holes in the box, and the wires tightly fitting the bush- 
ings (using tape to bind up the wire, if necessary), so as to keep 
out the dust. 

The Enclosed Fuse, or "Cartridge Fuse" (see Fig. 13), con- 
sists of a fusible strip or wire placed inside of a tubular hold- 
ing jacket filled with porous or powdered insulating material 
through which the fuse wire is suspended from end to end and 
which surrounds the fuse wire. The wire, tube and filling are 
made into one complete, self-contained device with brass or copper 
terminals or ferrules at each end, the fuse wire being soldered 




Fig. 13. 
Enclosed Fuse. 

to the inside of the ferrules. When an inclosed fuse "blows'* by 
excess current or short circuit the gases resulting are taken up by 
the filling, the explosive tendency is reduced and flashing and 
arcing are eliminated. 

Incandescent Lamps in Series Circuits should be wired with 
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the same precaution as for series arc lighting and each lamp 
should be provided with an automatic cut-off. 

Each lamp should be suspended from an approved hanger 
board by means of a rigid tube, to prevent the wires from constant 
swinging. 

No electro-magnetic device for switches and no system of 
multiple, series, or series-multiple lighting in this class of work 
should be used. Under no circumstances should incandescent 
lamps in series circuits be attached to gas fixtures, as the high 
voltage necessarily employed in this class of lighting should be 
kept as far as possible from gas piping, which is so thoroughly 
grounded or likely to be. 

When incandescent lamps are used for decorative purposes, 
as in the use of miniature colored lamps, and it is necessary to 
run two or more in series, permission should always be secured, 
in writing, from the Inspection Department having jurisdiction. 

Arc Lamps should be carefully isolated from inflammable 
material, should be provided at all times with a glass globe sur- 
rounding the arc and securely fastened upon a closed base. No 
broken or cracked globes should be used, as they are designed to 
prevent hot bits of carbon from falling to the floor should they 
fall from the carbon holder. All globes for inside work should be 
covered with a wire netting having a mesh not exceeding one and 
one-quarter inches, to retain the pieces of the globe in position 
should the latter become broken from any cause. A globe thus 
broken should be replaced at once. When arc lamps are used 
in rooms containing readily inflammable material they should 
be provided with approved spark arresters, which should be made 
to fit so closely to the upper orifice of the globe that it would be 
impossible for any sparks thrown off by the carbons to escape. 
It is safer to use plain carbons and not copper-plated ones in such 
rooms, or better still, an enclosed arc lamp, one having its carbons 
enclosed in a practically tight glass globe which is inside the 
outer globe. Where hanger-boards are not used arc lamps should 
be hung from insulating supports other than their conductors. 

All arc lamps should be provided with reliable stops to pre- 
vent carbons from falling out in case the clamps become loose, 
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and all exposed parts should be carefully insulated from the cir- 
cuit. Each lamp for constant-current systems should be provided 
with an approved hand switch, and also an automatic switch that 
will shunt the current around the carbons, so that the lamp will 
thus cut itself out of circuit should the carbons fail to feed 
properly. If the hand switch is placed anywhere except on the 
lamp itself, it should comply in every respect with the require- 
ments for switches on hanger-boards as described under the latter 
heading. 

Arc Lisrht Wlrini^. All wiring for high-potential arc Ught- 
mg circuits should be done with "Rubber-Covered'' wire. The 
wires should be arranged to enter and leave the building through 
an approved double-contact service switch, which should close the 
main circuit and disconnect the wires in the building when turned 
'^off." These switches should be so constructed that they will be 
automatic in their action, not stopping between points when 
started, and preventing arcing between points under any circum- 
stances, and should indicate plainly whether the current is "on'* 
or "off." Never use snap switches for arc lighting cii'cuits. All 
arc light wiring of this class should be in plain sight and never 
enclosed except when required, and should be supported on porce- 
lain or glass insulators which separate the wires at least one inch 
from the surface wired over. The wires should be kept rigidly at 
least eight inches apart, except of course within the lamp, hanger- 
board, or cut-out box or switch. On side walls the wiring should 
be protected from mechanical injury by a substantial boxing 
retaining an air space of one inch around the conductors, closed 
at the top (the wires passing through bushed holes), and extend- 
ing not less than seven feet above the floor. When crossing floor 
timbers in cellars or in rooms, where they might be exposed to 
injury, wires should be attached by their insulating supports to 
the under side of a wooden strip not less than one-half an inch 
in thickness. 

Arc Lamps on Low-Potential Circuits should have a cut-out 
for each lamp or series of lamps. The branch conductors for 
such lamps should have a carrying capacity about 50 per cent in 
excess of the normal current required by the lamp or lamps, to 
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provide for the extra current necessary when the lamps are started, 
or, should a carbon become stuck, to prevent over-fusing the 
wires. If any resistance coils are necessary for adjustment or 
regulation, they should be enclosed in non-combustible material 
and be treated as sources of heat; it is preferable that such 
resistance coils be placed within the metal framework of the 
lamp itself. Incandescent lamps should never be used for resist- 
ance devices. These lamps should be provided with globes and 
spark arresters, as in the case of arc lamps on high-potential series 
circuits, except when the enclosed arc lamps are used. 

Economy Coils, or compensator coils, for arc lamps should 
be mounted on glass or porcelain, allowing an air space of at least 
one inch between frame and support, and in general should be 
treated like sources of heat. 

Hanger-Boards should be so constructed that all wires and 
cirrrent-carrying devices thereon w^ill be exposed to view and 
thoroughly insulated on non-combustible, non-absorptive insulat- 
ing substance, such as porcelain. 

All switches attached to the hanger-board should be so con- 
structed that they will be automatic in their action, cutting off 
both poles to the lamp, not stopping between points when started, 
and preventing an arc between points under all circumstances. 

Electric Heaters should always be treated as sources of heat 
and kept away from inflammable materials. Each heater should 
have a cut-out and indicating switch, and all attachments from 
the feed wires to the heater should be kept in plain sight, easily 
accessible and protected from interference. Each heater should 
have a name-plate giving the maker's name and the normal capac- 
ity in volts and amperes. 

Approved Apparatus and Supplies. Every article or fitting 
intended for use in electrical wiring or construction or in con- 
nection therewith should, before being manufactured or placed 
upon the market, be examined and approved by the Underwriters' 
Xational' Electric Association for use under the rules and require- 
ments of the Xational Eoard of Fire Underwriters and placed 
upon their official list of "approved" electrical fittings. 

Any new article, therefore, or modification of an old article. 
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intendcMl to be placed in general electrical use, should first be sent 
for exaniinaliou and test to the laboratory of the Electrical 
Bureau of the iS'ational Board of Eire L^nderwriters, 67 East 
Twenty-first street, Chicago, HI. 

If the article is approved it will be placed upon the list of 
fittings, which list is revised quarterly. Wheu buying electrical 
supplies of any description make sure that they have been ap- 
proved. If tliere is any question about it, make your supply 
dealer give you a guarantee that they will be approved by the 
Fire Underwriters' Inspector if installed in accordance with the 
rules and requirements of the National Board of Underwriters. 

Eiectrldai Inspection. The principal points regarding the 
safe installation of dynamos, motors, outside and inside wiring, 
as required by the insurance underwriters, have been set forth in 
this paper. There will probably arise questions which cannot 
be settled by reference to the suggestions herein contained, and 
therefore a great deal has to be left to the judgment of the con- 
structing engineer and inspector. In every such case the Inspec- 
tion Department having jurisdiction should be 'consulted with 
perfect assurance that nothing unreasonable will ever be demanded 
in the way of special construction. 

Every piece of wiring or electrical construction work, 
whether open or concealed, should be and usually is inspected, 
and notice, therefore, should always be sent by the contractor or 
engineer to the board having jurisdiction, immediately upon com- 
pletion of any work. 

Negligence in this matter has frequently caused floors to be 
torn up when doubtful work has been suspected, and at the cost 
of the parties who installed the wnring. 

The insurance inspector cannot order any piece of wiring 
taken out or altered, but always reports whether or not the plant 
is installed in a manner wdiich wull reduce the fire risk to a mini- 
mum. If the inspector has occasion to recommend any changes 
which he considers for the safety of the building, and such 
changes are not immediately made, he recommends that the insur- 
ance rate on the building be so raised that it will, in the end, be 
found advisable to attend to his suggestions, "which are in every 
case reasonable. 



320 Digitized by 



Google 



ELECTRIC BELL WIRING. 



In wiring for electric bells to be o{)erated by batteries, the 
danger of causing tires from short circuits or poor contacts does 
not exist as in the case of wiring for light and power, because the 
current strength is so small. Neither is the bell-fitter responsible 
to city inspectors or fire underwriters. On this account, bell 
fitting is too often done in a careless and slovenly manner, caus- 
ing the apparatus to give unsatisfactory results and to require 
frequent repairs, so that the expense and inconvenience in the end 
far more than offset any time saved by doing an inferior grade of 
work. Hence, at the outset it is well to state that as much care 
sliould be taken in the matter of joints and insulation of bell 
wiring as in wiring for light or power. 

If properly installed, the electric bell forms a reliable and yet 
inexpensive means of signaling, and is far superior to any other. 
On this account practically every new building is fitted through- 
out with electric bells. 

In addition to the necessity of thoroughness already men- 
tioned, care should be taken to use only reliable apparatus which 
must be installed in accordance with the fundamental principles 
on which its satisfactory operation depends. 

WIRE. 

The- common sizes of wire in use for bell work are Nos. 
18, 20, and 22. In general, however. No. 20 will be found -satis- 
factory as it is usually sufficiently large, while in many cases No. 
22 is not strong enough from a mechanical standpoint. 

It is important that the wires should be well insulated to pre- 






Fig. 1. 

vent accidental contacts with the staples or other wires. First of 
all the wire should be tinned, as this prevents the copj)er from 
being acted upon by the sulphur in the insulation. It also facil- 
itates soldering. The inner coating of insulation should be of 
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india rubber, surrounded by several longitudinal strands of cotton, 
outside of which are wound several strands of colored cotton laid 
on spirally. This is next immersed in melted paratHn wax and 
polished by friction. A short lenfrth of approved electric l)ell wire 
is shown in Fig. 1. 

When ordering wire, it is well to have it furnished in several 
different colors as this greatly facilitates both the original instal- 
lation and later repairs, because in this way one line may be dis- 
tinguished from another, taps from main lines, etc. Moreover, a 
faulty wire having ]>een found, it is possible to identify it at any 
desired section of its length. 

METHODS OF WIRING. 

In running wires, the shortest and most direct route should, 
of course, be taken between the battery, bells, and bell pushes. 
There are two cases to be considered. The better method is that 
in which the wires are run before the building is completed, and 
the wiring should be done as soon as the roof is on and the walls 
are up. In this case the wires are usually run in zinc tubes 
secured to the walls with nails. The tubes should be from | inch 

to ^ inch in diameter, preferably 
the latter. It is better to place 
the wires and tubes simultane- 
ously, but the tubes may be put 
in place first and the wires drawn 
in afterward, although tliis latter 
plan has the objection that the insulation is liable to become 
abraded when the wires are drawn in. In joining up two lengths 
of tube, the end of one piece should be opened up with the pliers 
so that it may receive the end of the other tube, which should also 
be opened up, but to a less extent, to prevent wear upon the 
insulation. Specially prepared paper tubes are sometimes substi- 
tuted for the zinc. 

If the building is completed l)efore the wiring is done, the 
concealed method described above cannot be used, and it is neces- 
sary to run the wires along the walls supported by staples, where 
they will be least conspicuous. Fig. 2 shows ordinary double- 
pointed tacks, Fig. 3 shows an insulating saddle staple which 




888 



Digitized by 



Google 



ELECTRIC BELL WIRING 




Fig. 3. 



is to be recommended. Two wires should never be secured under 
the same staple if it can possibly be avoided, owing to the danger 
of short circuits. With a little 
care it is usually possible to con- 
ceal the wiring behind the picture 
moulding, along the skirting- board, 
and beside the door posts, but where 
it is impossible to conceal it, a light 
ornamental casing to match the 
finish of the room, may be used. 
It is sometimes advisable to use 

twin wires or two insulated wires run in the same outer covering. 
In some cases it is well to run the wires under the floors, 
laying them in notches in the tops of the joists or in holes bored 
about two inches below the tops of the joists. 

JOINTS. 

When making a joint, care should be taken to have a firm, 
clean connection, both mechanically and electrically, and this must 
always be soldered to prevent corrosion. The insulation should 
be stripped off the ends of the wires to be joined, for a distance of 
about 2 inches, and the wires made bright by scraping or sandpa- 
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Fig. 4. 



pering. They should then Ihs twisted tightly and evenly together 
as shown in Y'w. 4. 

Next comes the operation of soldering, which is absolutely 
necessary if a jKM-manent joint from an electrical standpoint is to 
be obtained. A joint made without solder may be electrically 
sound at first, but its resistance rapidly increases, due to deteri- 
oration of the joint. As has already bei^n stated, the wires should 
be made bright and clean before they are twisted together. 
Soldering fluids should never be used, because they cause corrosion 
of the wire. The best flux to use is resin or composite candle. 
The soldering should always be done WMth a copper bit rather than 
with a blowpipe or wireman's torch. 
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A convenient form of soldering tool consists of a small copper 
bit having a semicircular notch near the end. This bit should, of 
course, be well tinned. It is then heated over a spirit lamp, or 
wireman's torch, and the notch filled with soft solder. Lay the 
joint, which has previously been treated with the flux, in this 
notch and turn it so that the solder runs completely around among 
the spirals of the joint. The loose solder should be shaken off or 
removed with a bit of rag. Wlien the joint is set, it should be 
insulated with rubber tape, so that it will be protected as perfectly 
as the other portions. 

It is often possible to save a considerable length of wire and 
amount of labor by using a ground return, which, if properly 
arranged, will give very satisfactory results, although a complete 
metallic circuit is always to be preferred. Where water or gas 
mains are available, a good ground may be ob- 
tained by connecting to them, being sure to 
have a good connection. This may be se- 
cured by scraping a portion of the pipe 
perfectly bright and clean and then winding 
this with bare wire; the whole is then well 
soldered. An end should be left to which 
the wire from the bell circuit is twisted and 
/'"^^m/n soldered. If such mains are not available, 

^■nr f * good ground can be obtained by connecting 

^ the wire from the bell circuit, as described 

above, to a pump pipe. In the absence of 
water and gas mains, and of a pump pipe, 
a ground may be obtained by burying beneath 
permanent moisture level a sheet of copper 
or lead, having at least five square feet of surface, to which the 
return wire is connected. The ground plate should be covered 
with coke nearly to the surface; the hole should then be filled in 
with ordinary soil well rammed. 

OUTFIT. 

The three essential parts of the electric bell outfit are the bell 
push, which furnishes a means of opening and closing the circuit 
at will, the battery, which furnishes the current for operating the 




s 

Fig. 5. 



«34 



Digitized by 



Google 



ELECTRIC BELL WIRING 



bell, and the bell itself. Before discussiDg the combination of 
these pieces of apparatus in the complete circuit, let us take up 
the individual parts in order. 

A bell push is shown diagram matically in Fig. 5. In this 
illustration P is the push button; when 
this is pressed upon it brings the point 
of the spring S in contact with the metal 
strip K, thus closing the circuit with which 
it is connected in series. Normally the 
springs are separated as shown, and the 
circuit is accordingly open. 

Bell pushes are made in various de- 
signs and styles, from the simple wooden 
push shown in Fig. 6 to very elaborate and expensive articles. 
Fig. 7 shows four cast bronze pushes of neat appearance and mod- 
erate price. 

Batteries. Electric bells are nearly always operated on the 
open circuit plan, and hence the battery used is generally of the 




Fig. 6. 






Fig. 7. 
open circuit type, such as the Ijeclanche cell, which is used very 
largely except for heavy work. This is a zinc-carbon cell in which 
the excitant is sal-ammoniac dissolved in water. Polarization is 
prevented by peroxide of manganese, w4iich gives up part of its 
oxygen, combining with the hydrogen set free and forming water. 
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Dry Batteries are also frequently used for bell work, their 
principal advantage being cleanliness, as they cannot spill. Dry 
cells are really a modification of the Leclanche type, as they use 
zinc and carbon plates and sal-ammoniac as the exciting agent. 
The Burnley cell, which is one of the principal ty[H^s of dry cell, 
has an electrolyte composed of sal-ammoniac, chloride of zinc, 
plaster, Hour, and water. This compound when mixed is a semi- 
licjuid mass which quickly stiffens after being j)oured into the cup. 
The dej)olarizing agent is peroxide of manganese, the same as is 
used in the Leclanche cell, this being packed around the carbon 

cylinder. The top of the cell is sealed 
with bitumen or some similar substance. 
For very heavy w^ork the Edison- 
Lalande and the Fuller types of cell are 
best suited, while for closed circuit work 
the gravity cell is most satisfactory. 

BelL It is a well-known fact that 
if a current of electricity flows through 
a coil of wire wound on an iron core, 
the core becomes magnetized and is ca- 
pable of attracting any magnetic sub- 
stances to itself. The operation of the 
electric bell, like that of so many other 
pieces of electrical apparatus, depends 
upon this fact. A diagrammatic repre- 
sentation of an electric bell is shown in 
Fig. 8, in which M is an electromagnet 
composed of soft-iron cores on which are wound coils of insulated 
wire. The armature is mounted upon a spring K, and carries a ham- 
mer H at its end for striking the gong. On the back of the armature 
is a spring which makes contact at I) with the back stop T. The 
action of the bell is as follows: When the circuit is closed through 
the bell a current flows from terminal 1, around the coils of the 
magnet, through the spring K and contact point D, through the 
back stop T, to terminal 2. In flowing around the electromagnet the 
current magnetizes its core, which consequently attracts the arma- 
ture. This causes the hammer II to strike the gong. While in 
this position the contact at D is broken, the current ceases to flow 
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around the electromagnet and the cores consequently lose their 
attractive force. The armature is then carried back to its original 
position by the spring K, making contact at D, and the process is 
repeated. The hammer will thus vibrate and the bell continue to 
ring as long as the circuit is closed. 

The type of bell described al>ove is the one most commonly 
used. Such bells are made in a great variety of shapes and styles, 
the prices varying accordingly. It is important that platinum 
tips be furnished at the contact point D, Fig. S, to prevent cor- 





Fig. 9. Fig. 10. 

rosion. The bells on the market today are of two classes, the iron 
box bell and the wooden box bell. A bell of the wooden box type is 
shown in Fig. 9, and a higher grade bell of the iron frame skeleton 
type is shown in Fig. 10. Bells without covers should never be used, 
as dust will settle on the contacts and interfere WMth their action. 

CIRCUITS. 

The possible combinations of the various parts into complete 
circuits are so varied that it would be impossible to describe them 
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all; in fact, almost every one is to a certain extent a special 
problem. It is, however, ])ossible to give typical circuits the 
underlying principles of wliicli can be applied successfully to any 
particular case. 

Fig. 11 shows a l)ell circuit in its simplest form, in which P 
represents the push, B the bell, and C the battery; all connected 
in series. The circuit is normally open at P, and hence no cur- 
rent flows to exhaust the batteries. 
When P is pressed, the circuit, 
otherwise complete, is closed and 
current passes through the bell 
causing it to ring, as already ex- 
plained. For instance, the push 
might be located beside the front 
door, the bell in the kitchen and the 
buttery in the cellar; the location depending on the results desired 
and conditions to be met. The wire between P and C may, if 
necessary, be dispensed with and connection made to ground at G 
and G, as shown by the dotted lines. 

Fig. 12 shows an arrangement by means of w^hich one bell B 
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Fig. 12. Fig. 13. 

may bo controlled by either of the pushes P or P'. This system 
may be extended to any numl)er of pushes similarly connected. 

A method for ringing two bells simultaneously from one push 
is shown in Fig. 13, where both bells B and B' will ring from push 
P. Bells, if connected in this manner, should have as nearly as 
possible the same resistance, otherwise the bell of lower resistance 
will take so much current that there will not be a sufficient amount 
left for the other. Also, the batteries must be of greater current 
capacity .as the amount of current taken is, of course, doubled. This 
system can be extended to any numl)er of bells connected in this 
way, up to the limit of capacity of the battery to ring them. Figs. 
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12 and 13 may be combined so that two or more bells may be 
rung from any one of two or more pushes. 

In Fig. 14 is shown a scheme for ringing either bell, B or B', 
from one push and one battery by means of the two-point switch 
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Fig. 14. 

S. When the arm of the switch is on contact 1, the push will 
ring bell B, and when on contact 2 it will ring bell B'. 

In Fig. 15 is shown a method of connecting bells in series so 
that B and B' may be rung from P. If all the bells so connected 
were of the vibrating type, they would not work satisfactorily, as 
it would be impossible to time them so that the vibrations would 
keep step, hence only one bell should 
be of the vibrating type, and the others 
should have the circuit breakers short- 
circuited, the vibrating bell serving as 
interrupter for the whole series. Obvi- 
ously this system requires a higher volt- 
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age than parallel connection, and the 
cells must be of sufficient E.M.F. to 
ring the bells satisfactorily. Several 
bells may be connected in this way, if 
desired, up to the limit of voltage of the 
battery. I^'ig- 16. 

Oftentimes a bell is to be rung from several different places. 
For instance, the bell in an elevator may be rung from any one of 
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several floors, or the bell in the ofSce of a liotel may be rung from 
any one of several different rooms. In this case it is necessary to 
have some device to indicate from which push the l)ell was rung. 
The annunciator furnishes this information very well. A three- 
station annunciator is shown in ¥ig. 1(). The connections for an 
annunciator are shown in Fig. 17 where A represents the anun- 
ciator, B the bell, C the battery, and P', 1*-', and P the pushes. 
For instance, when P' is pressed, the current passes through the 
electromagnet controlling point 1 on the annunciator which causes 




Fig. 17. 



the arrow to be turned and at the same time the bell rings. After 
the attendant has noted the signal, the arrow is restored to its 
normal position by pressing a lever on the bottom of the annun- 
ciator box. 

The electric burglar alarm furnishes a very efficient protec- 
tion and is an application of the principles already described. The 
circuit, instead of being completed by a push, is completed by 
contacts placed on the doors or windows so that the opening of 
either will cause the bell to ring. The same device may be used 
on money-drawers, safes, etc. 

In the case of the electric Are alarm, the signal may be given 
either automatically when the temperature readies a certain degree, 
or pushes may be placed in convenient locations to be operated 
manually. The pushes should be protected by glass so that they 
will not be tampered with, it being necessary to break the glass 
to give the alarm. 
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Apparatus and the Horse Code. 

In order to get the beginner's point of view, it is taken for 
granted tliat the reader knows nothing of electricity or the prac- 
tice of telegraphy. If there is a shght knowledge of either of 
these, so much the Ijetter; but as a starting-point, we will con- 
sider that altogether familiar use of the electric current in the 
ringing of a door-bell by pressing on a button. In so doing the 
new arrival ''telegraplis " the fact to the household, and asks for 
admission, and those within respond to his message, although 
neither the one nor the other may know a dot from a dash. 
The simple combination of battery, wire and apparatus by which 
this action is carried on is as truly a telegraph circuit as is the 
longest in the land, find a glance at its elements will serve as a 
stepping stone to the more complex apparatus of the electric 
telegraph. 

The different parts of the electric-bell device may be seen in 
their relation one to the other by reference to Fig. 1. In the center 
is the push-button P, pressing upon whicli brings the point of 
spring S into contact with the metal strip R. On one side is the 
cell A, with its two poles C and Z ; on the other Is the bell, with 
its electromagnet M, its armature hinged upon a spring K, carry- 
ing a hammer H, to strike the bell. Attached to the back of the 
armature is a spring, making contact at D with a back-stop T. 
These parts are so adjusted that when the armature is attracted 
by the magnet the contact at D is broken. Looking now at the 
diagram, if the wiring is traced from the point C back to the 
point Z, but one Im^ak will l^e found in the continuous contact of 
the wire with the different parts, and that is between the spring 
S and the strip R. 

If, by means of the push-button, S is forced against R, the 
break is closed ; the current speeds from the point C of the cell 
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through the wire back to the point Z, charging the electromagnet 
M, which attracts armatnre-carrying hammer H. But ])y this move- 
ment the contact, and therefore the electric circuit, is broken at 
D, the current ceases, electromagnet M releases the hammer H ; 
contiict of the armature and back-stop at D is thus restored ; mag- 
net M is again charged, attracting the armature; the result being 
a vibration of the hammer, continued as long as spring S is kept 
in contact with R. The energy is derived from the cell, but the 
control of it lies in the push-button ; and the effect of the making 
and breaking of the circuit at R is such as to appeal to the ear. 
By means not very different the same organ is addressed in teleg- 




raphy; but the appeal is of a kind legible only to the expert 
The bell device serves the further purpose of bringing the learner 
face to face, at the outset, with the fact of the inconceivable speed 
of the energy he is employing, — a feature which allies it to light 
in the velocity of its movement. 

Having now gained a general idea of the action of a current 
in moving an armature, we will suppose that the reader, if in a city, 
has stepped into one of the many branch offices of a great tele- 
graph company, or it may be into a town or village office of the 
same, and for the first time is taking notice of the outfit. In 
such an office there will be seen (secured to the wall) a small 
switchboard, but the interest centers on the table or desk, where 
there are usually three forms of apparatus, known as the relay, 
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key ajid sounder, with the wires connecting the various parts. 
On the window-sill, or under the table, is the battery of one or 
two cells, for the operation of the sounder, shown in the Instruc- 
tion Paper " Elements of Electricity." The uninitiated, listening 
to its clicks for the first time, naively expresses surprise that they 
"can make nothing of them." This set of apparatus, installed 
in thousands of small offices all over the continent, and duplicated 
many times in the large offices, is shown in outline in Fig. 2. 
The I'elay, described in " Elements of Electricity," is not heard 
at all ; the main battery which operates it may be scores of miles 
away ; the current from it has its path in the main, or air, line 
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coming in from the pole in the street. Passing through the coils 
of the relays and the keys, it makes its exit through the office 
window, to resume its place on the poles which support it to the 
terminus of the line. 

Examining Fig. 2 and comparing it with the bell*ringing 
device shown in Fig. 1, we find tlie cells of battery and the wir- 
ing common to both ; the sounder corresponds to the bell proper ; 
the key marked K answers to the push-button. The dotted lines 
in Fig. 2 represent the '* local " circuit, and the ceUs are the 
" local " battery, so called because its action is confined to the 
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place (Latin, locus) or station with which it is immediately con- 
nected. See the " Gravity Cell " in Elements of Electricity; the leads 
from the two poles being shown. If the wherefore of this pair of 
conductors and their connected parts is understood, the method of 
Morse telegraphy is within easy distance; and with the little light 
gained from the comparison of the electric bell with the telegraph 
circuits, we may take a step further in advance. For closer 
examination, therefore, this local circuit and its parts are repro- 
duced on a larger scale in Fig. 3 and with more lettering. Each 
of the two cells of battery is surmounted by two projections called 
poles, — the terminal connections of two dissimilar substances, as 
copper and zinc, or zinc and carbon. The cell is explained in 




"Elements of Electricity;" all that need be noted now is that 
by outwardly joining, up the cells so that the unlike substances 
are in metallic contact, a current is the result. Firet the carbon 
terminal or pole of one cell is connected to the zinc pole of the 
other; then from the carbon pole C of cell A runs a wire (dotted 
line) which can be tmced through the coil of magnet M ; thence 
to the armature D, and local points at P of the relay R back to 
the zinc pole Z of cell B. Of relay R only the moving parts are 
shown. The thumbscrews, wherever found, have connected to 
them wires from the different parts of the instrument, and are 
merely conveniences for making contact with the outside wiring. 
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Besides the battery of two cells and the conducting wires (dotted 
lines), the circuit, as already intimated, includes an electromagnet, 
consisting of a pair of upright coils (only one is shown), which, 
with the surmounting armature F and its adjacent parts, consti- 
tutes the sounder S. Each of the two upright coils of wire has 
a core of soft iron with a strip of iron X, joining them under- 
neath. Close to the upper ends of the cores, but not touching, is 
a strip of soft iron F, called the armature, secured to a lever L, 
moving on trunnions T, at one end, its free end moving between 
two stops, the spring J serving for its adjustment. The move- 
ment of armature D of relay R is also limited by stops, and, trac- 
ing our dotted line circuit, we find a point P, wh^e the circuit 
may be "broken " by withdrawing armature D from the frontnstop 
H ; just as in the case of the push-button, the circuit is '* made " 
by pressure on the button, and " broken " by the withdrawal of it, 
In other words, in this armature D, with its front and back stop, 
and spring K, we have a telegraph key in a form the simplest and 
most easily understood, but not the most easily operated. 

In a local circuit arranged as in Fig. 3, when arma£ure D of 
relay R rests against its front-stop H, the current magnetizes the 
cores of electromagnet M of the sounder; armature F is strongly 
attracted thereto, making a sharp click as it strikes the down-stop 
N ; a reverse or upward movement is determined by spring J if 
armature D of the relay is withdrawn from the front-stop, giving 
a sound less sharp than in the downward movement. The differ- 
ence in sound between the front and back-stroke of the lever is 
something of which the learner must early take note, because the 
front is the marking stroke, or the one from which he reads, the 
back-stroke being unintelligible. In the former case (armature D 
against the front-stop), the circuit is said to be "made" or 
" closed ;" in the latter it is " broken " or " open." Closed and 
open are the terms in general use among telegraphers. In the 
case of the electric bell, the push-button puts us in control of the 
energy which attracts the hammer to the gong. In the local 
arrangement we have been considering, the control of the sounder 
S lies in the armature D, whether moved by the finger, or in the 
usual way by the current, 

In this dotted-line arrangement the wires aro the carriers or 
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conductors of an energy which has its source in chemical action 
in the cells. In the poverty of language it is said to " flow " or 
" run " within the cell from the zinc to the copper plate, or from 
zinc to carbon; and in the external portion (dotted line) from cop- 
per or carbon to zinc. Moving thus along the conducting wire and 
through the connected instruments it is called a current (Latin, 
curro^ to run) and in doing so it is said to make a ** circuit," 
which may vary in length from a few feet to hundreds of miles. 
Its velocity is such that wherever a fitting pathway is afforded, it 
seems not so much to flow as to be omnipresent. In a series of 
tests made in New York by the United States Coast Survey, two 
separate wires were obtained to San Francisco, where they were 
joined, or, as telegraphei-s say, « looped." To each of the New 
York ends of the wire, instruments were connected, and signals 
sent on the one wire returned on the other in a space of time just 
perceptible. The current had traversed the continent and back 
in a small fraction of a second, — a kind of movement which the 
words " flow " and " run " hardly describe. 

It is the purpose of this description, to explain to the 
reader how it is that the signals heard on the sounder can have a 
meaning to the operator; how it is that the down and up move- 
ment of the lever of the key K, Fig. 3, can transmit intelligence 
to a distant station ; then, briefly at first, but later on more com- 
pletely, to instruct him in the method of operation, use and 
adjustment of each instrument in the set, so that in a reasonable 
period of time he will himself be able to send and receive the 
signals which before were unintelligible. At this point a num- 
ber of questions may suggest themselves to the thoughtful stu- 
dent. Some of them, it may be, cannot be answered ; others may 
belong to the theory of the art ; but our present aim is entirely 
practical, the point being to beget in the student the ability to 
translate writing and speech into the " Morse " language ; the 
consideration even of the main-line circuit is therefore deferred. 

Summing up the examination of the local circuit there are 

(1) The cells of battery as the source of energy, 

(2) The conducting wires, 

(3) The sounder S, consisting of an upright electromagnet 
having for an armature a movable lever ; and 
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(4) A point P in the circuit at which, by a movement of the 
armature D of relay R, we can control at will the armature of 
sounder S. 

In speaking of the relay R, Fig. 3, and its armature, the 
remark was made that in it we have a telegraph key in form the 
simplest and most easily understood, but not the most easily oper- 
ated. Remove the dotted line wires from the thumbscrews of 
relay R and insert them, as in Fig. 4, in the terminals of a key 
K', described in '' Elements of Electricity." We now have a " learn- 
er's outfit " — battery, key, sounder and connecting wires. Even with 
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these, signalling to considerable distances can be carried on, and 
the medium for it is the Morse Telegraph Code, whose elements 
and their combinations to form letteiB are now to be taken up, 

THE nORSE CODE. 

It is taken for granted now that the student is provided with 
"a learner's outfit," comprising the apparatus shown in Fig, 4. 
The key K is provided with a curved arm E, hinged at V. By 
moving this to the right the key is opened. If, by tapping on the 
rubber knob of the lever, dots are made on the open key, it will be 
found that the armature of the sounder follows its movements. 
Having attained thus the control of an electromagnet, only a time 
element is needed in connection with the movements of the key to 
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produce intelligible signals. In other words, if the open key is 
closed, by depressing the lever, now for a short, now for a longer 
time, or if the time between the moments of depression is varied, 
it is possible, by assigning the letters of the alphabet to different 
combinations of these movements, to make the instrument spell out 
the words of a language. To this end there was devised a system of 
dots, spaces and dashes, so arranged and combined that, singly or 
in groups, they are made to represent the different letters, figures 
and characters of the English language. If the learner (the key 
being open) hits the rubber knob a short, sharp blow with the 
finger, the sounder will give two clicks, one with the downward 
motion of the armature and one with the upward. The former 
has a sharp click, the latter a dull sound called the " back-stroke." 
The signal thus formed is called a dot, and its prolongation by a 
longer depression of the key is a dasli; the down-stroke of the 
armature marks the beginning of a dot or dash, and the up or 
back stroke its end. In tlie movements for the production of the 
signals the time unit is the dot ; by its duration all the dashes 
and spaces are measured. The single dot, produced as described, 
is the signal for tlie letter E, the letter in most frequent use hav- 
ing assigned to it an element the simplest and most easily formed. 
Prolong the dot to twice the time and we have the dash — the 
signal for the letter T; to four times the time, a longer dash, 
fonning the letter L ; to five times the time, and we have the sig- 
nal for a cipher (0). To the hand the only difference between a 
dot and a dash is a longer depression of the key ; to the ear the 
difference is in the interval between the down and up, or back- 
stroke of the armature. If the back-stroke were absent it would 
be impossible to distinguish E, T and L one from the other. It is 
not an uncommon thing for even the experienced operator to 
" get the back-stroke," in which case he dampens the up-stroke of 
the sounder with his finger until the ear catches the down-stroke 
again. 

In the selection of the combinations which make up the code 
of signals, the principle, " the easy signal for the frequent letter, " 
is observed throughout. The time value of the dot is constant, 
but the diisli and space have each three different lengths. Two 
dots separated by a space of time approximately equal to a dot 
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represent the letter I, but two dots separated by a space equal in 
time to two dots represent O, The former is a mere interval, the 
latter is called the letter space; the word and sentence space are 
multiples of it — usually twice for the former and thrice for the 
latter. In naming the elements of the signal for the letter O, 
for example, they are read " dot, space and dot." 

The entire scheme of the Morse Code, with its dots, spaces 
and dashes, their combinations and their relative time values com- 
puted according to the unit of time — the dot — and the letters, 
figures and characters they represent, is shown graphically in the 
accompanying chart, which the student must now, for a time at 
least, make his constant guide and reference* 




Fig. 5. 

That we are able to present the alphabet in this preferred 
form is due to the courtesy of the D. Van Nostrand Company of 
New York, publishers of ** Modem Practice of the Electric Tele- 
graph " by F. L. Pope, to which manual, for details of nearly 
every topic in connection with telegraphy, the student is referred. 

In this connection it may be of interest to state that the 
Morse Code, in the form in which it is now used, is the work of 
Alfred Vail of Morristown, N. J., and that in the selection of the 
signals for the different letters he was aided, so the story goes, by 
a chance visit to a printing-office, where he noticed that in the ^ 
type cases the size of the different compartments was determined 
by the frequency of the use of the letter. 

The attention of the learner having been called to tlie rela- 
tive time values of the elements which go to make up the signals, 
he is now in a position to attempt for himself the making of them, 
and to take his first step as a sender. His instrument for th:» 
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purpose is the key, with regard to which it has already been 
explained that it is merely a convenient device for the admission 
and non-admission of the current to the electromagnet of the 
sounder, according to a prearranged code. A suggestion as to 
the manner of holding the key can be gained from the cut (Fig. 
6) given herewith. In it will be noticed the thumb pressing 
lightly upward against the rubber knob, the fore and second 
fingers curved, their tips slightly embedded in the knob, the 
wrist kept well above the line of the lever. This illustration, 
long familiar to telegraphers from its use in advertisements, and 
known among them as the " Catlin grip," is not intended for exact 
imitation. As in the case of handwriting, individual proclivities 
will assert themselves ; but if the learner infers from it how to 
gain a firm command of the key, without cramping the fingers and 
forearm, he will have learned all that the text-book or a teacher can 
tell him. 

At this stage some learners simply place the code chart before 
them and beginning at A, with its dot and dash, plod through the 
entire alphabet; then back and forth over the same ground, until 
they have obtained a certain mastery of the signals ; and many good 
operators have learned in just this way. The writer has heard Mr. 
James D. Reid, " the father of telegraphers," relate that even on 
his way to assume his first position he re-enforced his limited prac- 
tice by tapping out the alphabet with a pencil or a knife on the 
window of the railway coach or on the arm of a seat. But it 
seems more in keeping with up-to-date methods of instruction pur- 
sued in other branches to give to the exercises now to be entered 
upon a growing and developing character. With this end in view 
the different combinations of dot, space and dash are classified and 
arranged in six different modes— the signals for letters, figures, and 
common punctuation points only being considered at present. A 
mere glance at the chart will indicate to tlie eye the differences 
already noted in the lengths of the dashes ; the letter L is repre- 
sented by a dash twice as long as T ; and the signal for a cipher 
is a dash two and a half times as long as T. It is as well for the 
beginner to observe these relative lengths ; but in actual work the 
dashes undergo some shortening without danger of error. 
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1. Dot only, • E •• I ••• S •••• H ••••• P 

2. Dash only, — T L cipher M 5 

: paragraph 

8. Dot preceding the dash, • — A •• — U ••• — V •••• — 4 

. W 

4. Dot following the dash, — .N — ..D — ...B — — ..7 

— .».. S .G • exclamation 

6. A combination of (3) and (4) • — .F — • — .J — .-K 

•• •"" • ^ • ~~~ •• i • — ~ "— • X •• ^-* •■ 2 ••• ~~~ • 3 
— •• — • — • — comma •• — — •• period 

— •• — • interrogation 
6. Dot and space, •• • G • • O • •• R .. •• Y ••• . Z • ••• A 

The method to be followed by the student looks to the repe- 
tition of the signals for these letters and characters, first in direct 
order as given, and then in reverse. In this way his work is 
graduated, and his ear will soon become accustomed to the differ- 
ence as the elements increase or decrease. Especially is this true in 
regard to the first mode ; and in connection with the second it is to 
be noticed that while the dot always has the same time value, the 
dash, as already stated, hiis three different values, as indicated by 
the length of the lines for T, L, and cipher in the chart. The T 
dash repeated gives us the letter M ; used thrice, the Fig. 5, and 
four times, the signal for a paragraph. 

The third mode includes those letters and characters in which 
a dash or dashes is preceded by a dot or dots. They represent 
the letters A, U, V, W, Fig. 4. And for mode four we have a 
reversal of the elements in the preceding one ; dot follows dash, 
and signals are thus composed for letters N, D, B, G, Figs. 7 and 
8, and the exclamation point. 

In the fifth mode the order is miscellaneous ; and the more 
complex and difficult signals thus obtained, have assigned to them 
the letters least often used. They are F, J, K, Q, X, figures 
1, 2, 3, 9, the comma, the period and interrogation. Last come 
the so-called spaced letters — of all the signals, requiring in their 
formation and grouping the most care. They are C, O, R, Y, Z, 
& ; and their persistent repetition, both singly and in combinations 
of short words, is enjoined upon the student. 

The telegraphic equivalents of all the letters, figures and 
more common punctuation marks having been given, attention is 
next called to groups of letters having signals somewhat similar. 
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For the letters and characters in these groups the student can find 
for himself the signals in the code card. He can, by inspection, 
determine for himself the exact difference in each case, as, for in- 
stance, in the first of the following groups A differs from I by the 
change of a dot into a dash. 1. I, A, S, U, H, V. 

2. A, F, X, comma, W, 1. 

3. U, Q, 2, period, 3. 

4. K, J, 9, ?, G, 7, ! 

The signals for these letters and characters having by repe- 
tition become familiar to the ear, the combination of letters into 
words, may next be taken up. In the course of the plodding thus 
far pursued, the learner may begin to think that the slow analysis 
by tlie brain and the mental noting of every signal must be an 
irksome task. But he will find as he advances that by degrees 
the analysis becomes mechanical; certain sounds come to mean 
letters, groups of sounds, words. Tlie real alphabet of the expert 
telegrapher is largely one of words ; to him the clicking of the 
sounder is a language, and its interpretation as easy as that of 
speech. It is therefore with the combination of letters into words 
that we have now to do. And in pursuance of the progressive plan 
the exercises revert at this point to the order in which the signals 
were classified; that is, words are made up first of dot letters, 
then of dash letters, and so on. 

1. Of the dot letters can be formed the words is, she, ship, 
hips, his, pies, sip, pipe, sheep. 

As it is not possible to furnish many words made up exclu- 
sively of the letters in each group, single letters from other groups 
are here and there borrowed to make up some exercise words ; as 
for instance, in the old-time favorites with learners, pippin and 
Mississippi, in which N and M belong to another group. 

Exercises in words containing dot letters : 

Dishes, dispel, high, dipped, Spanish, spite, shipshape, dimin- 
ish, dishevel, phase, dapple, hiss, hissing. 

2. Dash letters : Met, tell, till, time, mill, pellmell, metal, 
limit, telltale, mamma, mammal, minimum, little, time, tittle, 
tattle, emit, timid, multiple, multitude, dimmed, mallet, skillet, 
skimmed. 
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8. Dot before diosh letters : Awe, awful, awl, law, mauve, 
value, valve, wave, Eva, vault, view, lava, vamp, haul, pawl, 
squaw. 

4. Dash before dot letters : Bend, bidden, gilded, laden, 
dined, begemmed, dimned, dabble, nab, ban, Denbigh, Big Indian, 
quagga. 

5. Combination of (3) and (4): Julep, jungle, junk, Fiji 
king, fast bind, fast find, quit, equal, quaff, quake, exit, exist, ex- 
queen, exquisite, exhaust, skiff, piquant. Afl&x a k to kin and 
it is kink, bequeath, quaint, mujik, Ajax, Xanthine, jejune, jujube, 
keg, fix. 

Thus far no words containing a spaced letter have been ad- 
mitted. The hand and ear are thus first accustomed to the signals 
whose elements are separated by a uniform interval of time. By- 
reference to the code card the learner will notice the difference in 
the spacing between s and c, i and o, s and r, h and y, h and z. 
The addition of the spaced letters makes the alphabet complete, 
and a number of excellent practice words omitted heretofore are 
now available. 

6. Spaced letters : Or, err, to err is human, errant, comer, 
Corcyra, correct the error, eczema, corollary, co-operate, Corcoran 
& Co., coon, raccoon, circus, circle, cycle, bicycle, current, currant, 
cracker, firecracker, chronicle, coccyx, buzzard, zyrcon, correlate, 
physics, phantasmagoria, rhododendron, corrupt, cohesion, cordu- 
roy, road, dory, hippopotamus. There is no royal road to learn- 
ing. The voice said Cry. What shall I cry? According to 
Sinbad the sailor, the roc's egg was enormous in size. Llewellyn, 
sassafi-as, crown, point, parallelogram, oyster, eyelet, icicle, ice- 
cream, puzJsle, bamboozle, binocular, verdict, door, category, oracle, 
rollicking, moored, marooned, pirate, gyratory, circumstance, cir- 
cumgyratory, paraphernalia, jiffy, effigy, equinox, quiz, Quixotic. 
Peter Piper's peacock picked a peck of pepper out of a pewter 
platter. 

A few easy messages of ordinaiy commercial form are here 
introduced, attention being called to the fact that the destination 
occupies a line by itself. This is done so that the distributors in 
the larger offices can catch the '• place to " at a glance. 
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RECEIVED It the . . . BUILDING, . . Broidwaj, N. Y. July 12, 1902. 
Dated Bar Harbor, Me., 12. 

To Theo , Faulkner , 

Jenkintown, Pa. 9 



Caji give same room as last year — twenty- 



eight dollars. Answer. 



(Sig.) J. S. LYMAN. 



17 Kl. 



HO N D 



7 Paid. 



RECEIVED It tke . . . BUILDING, . . Broartai, N. Y. July 12, 1902. 

Dated Kingston Depot, N. Y. , 12. 

To Mexican Gulf Agricultural Co., 

Dallas, Tex. 



Arrive there Monday morning, 8.55. 



(Sig.) ALLEN. 



VD 



20 D. H. 



RECEIVED at the . . . BUILDING, . . Broailwai, N. Y- July 12, 190 2. 
Dated Majnaroneck, N. Y., 12^^ 



To 



G. P. Harriman, 



Pullman Go . , 



Detroit, Mich. 9 



Empire Coupler Co. shipped car load of 
couplers to-day in D» L. & W. car 58,031. 
(Sig.) H. M. WYATT. 
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In the top line the first space contains the number, and gen- 
erally the call of the sending station ; the second and third spaces, 
the signals of the sending and receiving operators ; the fourth, the 
check. In practice the signature is also on a line by itself. 

By attention to the response of the sounder as he forms the 
letters on the key, the learner has now to some extent familiar- 
ized himself with the sound of the signals as he translates their 
form, as printed in the code card, into the key movements neces- 
sary to produce the dot, space, and dash. Reading the signals as 
they are embossed on paper by a '* register," except for some 
special uses, has become ol)solete in telegraphy, so that it is with 
the sound that the learner has entirely to deal ; and the signals 
from which he must copy are those of a hand not his own on a 
distant key. In this, as in handwriting, there are individual 
differences ; and the query whether operators can recognize one 
another over the wire by their "Morse" can be answered affirm- 
atively. Since much depends on the initial practice in the 
formation of his style, the learner should, if possible, at the out- 
set take a few lessons from an operator. That these remarks 
are practical and not perfunctory, the writer has personal knowl- 
edge at the present time of the contemplated removal of ope- 
rators from some important circuits because of their defective 
sending. To aid in the formation of a correct style the signals 
have been presented in a graded form, beginning with the dot, 
which is the unit of time, passing on to the dash, tlien to the 
various combinations of dots and dashes, and lastly of dots and 
spaces; all with a view to their reproduction in words, phrases 
and sentences. 

The Automatic Sounder Method. It was intimated that, for 
beginners, it was advisable to observe closely the relative length 
of the signals as indicated by the chart, especially the dashes, 
and that, on this account, it would be well for them to take a few 
lessons from an operator at the outset. In order, however, to do 
away with the necessity for this, there is brought to their notice a 
device of Mr. II. W. Elam of Valparaiso, Indiana, for the repro- 
duction of signals the same in effect as if sent by hand, thus sup- 
plying in a great measure the guidance of an experienced teacher. 
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The apparatus is constructed by the National Automatic 
Transmitter Company and is furnished to students by the Ameri- 
can School of Correspondence. In addition to the apparatus 
itself, the student is supplied with a set of records representing 
the letters and characters in the Morse code ; the apparatus repro- 
duces them in such a manner that, in the formative period, the 
learner may accustom his ear to the signals as made by an expert. 
These records are exact reproductions of the characters as made by 
hand; having been transmitted to the recording perforator by 
an expert operator through the use of an ordinary telegraph 
key. So natural are the messages thus reproduced that the indi- 
viduality of the sender's "wire-writing" can be detected. 

The Apparatus. In the form furnished to students it is 
mounted on a base, Hi by 
12 inches, made of quarter- 
sawed oak, finely finished; 
and comprises a learner's 
outfit consisting of a key, 
sounder and battery such 
as have been previously 
described; with clock-work 
and circuit -breaking mech- 
anism through which moves 
a strip of perforated tape. 
To the axle of the clock- 
work, where it projects 
through the frame, is af- 
fixed a friction wheel 

which imparts its motion to the tape. Between the wheel and the 
tape holder is a curved pad against which the tape is pressed by 
an arm pivoted nearer to the end next the pad which we will call 
A; the other end we will call B. A slight deflection, therefore, 
of end A is quite marked at end B; the movement of the latter 
is limited by a stop similar to the armature of a relay. Like 
the relay also, at its end B the pivoted arm and the stop make 
connection with the poles of a local battery, so that when contact 
is made between the arm and the stop, the circuit through the 
sounder is closed; when the contact is broken the sounder is open. 




AUTO-ALPHABET INSTRUMENT. 
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The slight movement of the arm needed to operate the sounder is 
effected by running the perforated tape between the end A of the 
arm, and the curved pad; when the end A is against the paper the 
sounder is open; it is closed whenever end A drops into an open- 
ing. 

In the tape the student will readily see that the smallest 
openings represent the dots of the Morse code; the larger ones the 
dashes of different lengths. 

Releasing tlie brake with which the mechanism is provided, 
the paper moves forward, imparting to the pivoted arm a series of 
movements which the sounder translates to the ear; the perforated 
tape acts as an automatic circuit breaker, producing the signals on 
the sounder precisely as the key does, and with greater accuracy 
as to relative units of time. In effect the signals are being sent 
by hand; to have them at liis commcind is a great advantage to 
the beginner, some of whose tendencies to error are set forth in a 
later paragraph. 

"The course comprises a series of records capable of repro- 
ducing the work of an expert as effectively as if he were listen- 
ing to the actual working of a wire. Another advantage lies in 
the fact that the speed with which the messages are sent can 
be varied over a wide range so iliat the student can use a slow 
speed when first taking up the work and, as he becomes more 
expert, can increase this to keep pace with his advance. The 
instrument can also be made to repeat any given message as many 
times as the student desires. 

To insure good results the local points, where the arm touches 
the front stop, sho*ild be kept clean; and it may be necessary at 
times to pass a fine file lightly between them. The clockwork 
needs no attention beyond the winding up, and an occasional 
oiling. 

The parts of the learner's outfit have been described else- 
where, and in such a manner as should make clear how closely it 
resembles the local circuit of the regular Morse Line. In placing 
the tape, see that the signals read in the direction away from the 
marking arm. The speed sliould be slow at first; the learner 
should note the perforations and mentally name the letters and 
characters as they pass toward the arm, so that when the sounder 
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records them, the ear will associate the sounds with the signals. 

A number of these strips are furnished the student; but the 
one with which he should first familiarize himself is that in which 
the exercises follow the course indicated below; the words are 
grouped according to the six modes just indicated; they are made 
up first of dot letters, then of dash letters, and so on. In pursu- 
ance of this plan the particular tape in question is perforated to 
render the following : 

Is she ship his pies sip pipe sheep. 

The learner may, if he chooses, stop the movement at this 
point, and, going back to the word " is," reproduce the series any 
desired number of times. Following upon the word "sheep" the 
sounder will reproduce the following words composed for the most 
part of dots : 

Dishes dispel high dipped Spanish spite shipshape diminish 
pippin Mississippi dishevel phase dapple hiss hissing 

Following upon this the sounder wnll render the exercise 
words in paragraph 2: Met tell till time mill pellmell metal limit 
telltale mamma mammal minimum little time tittle tattle emit 
timid multiple multitude dimmed mallet skillet skimmed; par- 
agraph 3: Awe awful awl law mauve value valve wave Eva 
va,ult view lava vamp haul pawl squaw, and so on through par- 
agraphs 4 and 5. 

Paragraph 6: Or err to err is human errant corner Corcyra 
correct the error eczema corollary co-operate Corcoran & Co. coon 
racoon circus circle cycle bicycle current currant cracker fire- 
cracker chronicle coccyx buzzard zyrcon correlate physics phan- 
tasmaororia rhododendron corrupt cohesion corduroy road dory 
hippopotamus. There is no royal road to learning. 

Some Faults of the Beginner. The learner may now, with 
key in hand held in the manner indicated, traverse once more the 
ground over which he has gone; but this time, he goes along with 
the notations of certain incorrect tendencies and faults which mark 
the beginner's work. lie can take up those letters whose elements 
are simple dots, viz., e, i, s, h, p, and practice on the words already 
furnished, or upon combinations of his own. lie will be interested 
at this point, to know that sonie experienced operators cannot make 
the five dots which form the letter P, and that many more 
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cannot make the six dots of the figura 6. If the learner would 
avoid the '* seven," " eight," and '* ten-dot '* habit, he should start 
in slowly, giving definite values to his dots, making the inter- 
vals uniform, until some approach to precision is reached. Avoid 
shortening or clipping the final dot, and make sure by actual 
count at first that the correct number for each character is made. 

Following upon the dot mode are the four short dash charac- 
ters for the letters T and M, the figure 5, the paragraph ; and the 
elongated dash characters for L and cipher. Here, again, a ten- 
dency to shorten or lengthen the terminal dash and to space 
unduly the successive dashes should be guarded against. It is 
well to observe at first the relative time value of the dashes, but 
in practice the cipher and L dashes approach one another very 
closely without inconvenience. Occurring alone or among other 
letters the long dash is translated as L ; among figures it is read 
as cipher. As between T and L, the usual inclination among 
learners is to make the T too long and the L too short. 

In the next mode, in which the dot or dots occur first, the 
tendency is to separate too much the dot and dash elements. 
The interval between them should be appreciable to the ear, but 
no more. The places of these elements are reversed in the fourth 
mode to form the letters N, D, B, the figures 7 and 8, and the 
exclamation point. The first two should offer no difficulty, but 
B, 7 and 8 are troublesome, the tendency being to add in each 
ease to the prescribed number of dots. There are operators who 
make the figure 8 for B, and a dash and five dots for 8 ; but no 
one careful of his work allows himself to fall into this habit. 

Then there is that combination of the dot and dash elements 
which gives us the letters F, J, K, Q, A, figures 1, 2, 3, 9, the 
comma and the period. Of these, J and K are usually considered 
the most difficult, the tendency being to make a double N of the 
3, and the dashes of unequal length in botTi. The last mode 
brings us to the test of a good sender, in the deftness with which 
he makes the spaced letters unmistakable to the receiver; and he 
does this by such slight modifications of the space as the exigen- 
cies of the different combinations call for. The space in these 
characters is a prolonging of the necessary interval between the 
elements, and it should be just enough in excess of it to make 
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the letters O, C, Z, for instance, distinguishable from I, S 
and H ; and the spaces between the successive lettera of a group 
of spaced letters should be slightly greater than the ordinary let- 
ter space. Some unfamiliar words, such as coerce; offer such a 
succession of spaced letters that it is usual for careful o[)erators to 
repeat the word thus: coerce? coerce — the interrogation point 
implying " Did you get it coiTectly ? " It should hardly be neces- 
sary to warn the learner against the stereotyped mistake of 
beginners — that of going over a great deal of ground and doing 
nothing thoroughly. The real progress lies in correct work as 
one goes along, and accuracy at firet in the formation of the sig- 
nals will lay the foundation for safe and rapid work. The stu- 
dent has already been apprised, by means of three examples, what 
the ordinary message form is ; but something more than ** a 
learner's outfit" is needed for the exchange of messages. The 
point has now been reached for the consideration of the main-line 
circuit, to which the electric bell and the local circuit have 
formed a kind of introduction. 

THE MAIN-LINE CIRCUIT. 

As compared with the local circuit, or learner's outfit, no new 
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principle is involved in its operation. The local circuit, with its 
few yards of connecting wire, has all the essential features of the 
longest Morse line working single ; the differences are merely 
those of adaptation to new conditions. 

First to be made clear is the difference between a metallic 
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and a ground circuit, as exemplified in a local and a main-line; 
and the location of the latter batteiy with respect to the 
the main line. Reverting now to the battery in the local circuit 
(Figs, 3 and 4), it will be noticed that, where the sides of the 
cells adjoin, the two unlike poles are connected by a short piece 
of wire. This, with the longer piece passing through the instru- 
ments and connecting the other poles, forms what is called a 
metallic circuit, because the entire path of the current is of metal. 
If the short piece of wire between the cells be broken in two and 
both ends sunk in the damp earth, the circuit will be found intact 
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as before, the current finding a path through the ground; and in- 
stead of a metallic we have what is called a "ground," or (in 
England) "earth" circuit. At this stage we must content our- 
selves with the fact that the earth acts as a return wire; the 
reason for it belongs to the theory of electricity. The main line 
is a ground circuit, not a metallic one ; and the location of the 
main batteries relatively to the rest of the circuit is made plain in 
Fig. 6. In it are shown two terminal stations, each with main 
battery, relay R and key K ; and between them is an intermedi- 
ate station. The circuit here shown ma^ be hundreds of miles in 
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length. The cells at each terminal are usually about 150 in num- 
ber ; at terminal A in the drawing the copper pole is grounded, 
and the zinc goes to the main line ; at terminal C these conditions 
are reversed. 

Between the terminals there may be a score or more of inter- 
mediate stations, of which only one (B) is represented in the 
drawing; and as its position in regard to the main line is made 
clear, the details of an inteimediate station, hitherto passed over, 
are now to be described. For this purpose attention is called 
to Fig. 7, in which is shown, more in detail than in Fig, 2, an 
intermediate or way-station, with its main lines appearing at 
the top, its switchboard, relay, key, sounder and local circuit 
(dotted line) all complete. As compared with the " learner's out- 
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fit** the additional parts are the relay and switchboard Sw. The 
wires marked " main line " are identical with those extending in 
either direction from station B in Fig. 6. In connection with 
relay R, Fig. 7, the dotted lines which are seen in Fig. 4 inserted 
in a key are replaced in the thumbscrews of the relay; and the 
armature and front stop of the relay are again a part of the local 
circuit. The coils of the relay cores, of which tlie thumbscrews 
Y Y are the terminals, form part of the main circuit, just as the 
coils of the sounder in Figs. 3 and 4 form part of the local cir- 
cuit; but in the construction of the relay as compared with the 
sounder, some new features may be noted. The latter instrument 
is operated by a battery close at hand, for which only a few yards 
of wire are required ; but the relay is only one of a number of 
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similar instruments operated by a battery or batteries through 
hundreds of miles of wire — a problem in which the matter of 
economy is also a factor. The cells of battery at each main line 
tei-minal was given as 150; but even with this number a meter 
inserted in the main line of an ordinary telegraph circuit would 
show a very feeble current. If an ordinary sounder were " cut in " 
on such a line, there would be no response of the armature to the 
opening and closing of the circuit, for the reason that the wind- 
ing of its coils is not suited to the conditions. But in the relay, 
in order to obtain a sufficient amount of magnetism, the coils are 
wound with many more turns of much smaller wire. To make 
room for the additional turns, the soft iron cores are made longer; 
because of their length they are placed parallel with the base 
instead of standing up, and the other parts are made to corre- 
spond. The winding of the relay coils has its terminals in thumb- 
screws Y Y, Fig. 7 ; and if from one of them the main line wire 
is detached and tapped firmly against the thumbscrew, not only 
will armature D of relay R respond to the action, but all the 
relays on the line, be they two or twenty, open and close in unison 
with the non-contact or contact of the detached wire with the 
thumbscrew. Then because the movement of the armature of the 
relay opens and closes the local circuit of each and every relay 
along the line, the sounder in each local circuit moves in unison 
with the home relay — a result brought about by merely tapping 
the thumbscrew of the home relay with the main line wire tempo- 
rarily detached from it. But the detaching and tapping method 
has been resorted to only to emphasize for the learner tlie essential 
features of a telegraph circuit. In practice the tapping is done 
much more conveniently with the key, with whose use the learner 
is presumed to be already somewhat familiar. And as he either 
has one in his possession, or the use of one, he can examine its 
construction for himself, so that a description of it here is unneces- 
sary. With the key in the main line circuit to do the work done 
by detacliing the wire from the relay, it is plain that all the 
instruments in the circuit can be controlled by the movements of 
the key; wlien the operator opens the key by moving the curved 
arm from under the spur (see Fig. 4), all the relays instantly 
open ; when he depresses the lever they all as instantly close. This 



Digitized by 
256 



Google 



THE ELECTRIC TELEGRAPH. 27 



result is possible because of the velocity of the current — the time 
consumed in traversing five hundred miles being inappreciable. 
It should now be plain to the learner how it is that the control of 
a key at any point in the circuit enables him to exchange signals 
with a distant station ; and, in doing so, he "telegraphs " or, as the 
word means, writes at a distance ; for telegraphy is distance writ- 
ing, just as telephony is distance speaking. 

Mention may be made here of a new form of key which 
in its construction and operation is a radical departure from 
the form hitherto in general use. The handling of the ordinary 
key for any length of time is a serious tax on the muscles 
of the forearm, resulting in some instances in an ailment known 
as "telegraphers cramp." The new form of key was devised 
with a view to relieve the strain on the forearm by a form of lever 
which is not only initially diflFerent from the ordinary one, but 
admits of being instantly shifted into various positions, as the 
sender feels the need. 

THE SWITCHBOARD. 

One part' of the apparatus of a way-station remains to be de- 
scribed ; it is called the " switchboard," and is usually secured to 
the wall over the operating desk. It enables the operator to 
change the arrangement of the wires leading from the desk with 
respect to the main line, and to the ground. It is simply a board 
of well-seasoned wood, fitted in front with metal strips running 
vertically and terminating in thumbscrews; horizontally across 
tlie board are rows of small circles of metal, called discs, whose 
stems pass tlirough the board, at whose back each row is connected 
together with a wire terminating in thumbscrews in front and at 
one side of the board. The strips and discs are so constructed 
with reference to each other, that connection can be made between 
them by a metal peg having a short handle of rubber. The switch- 
board is seen in position in Fig. 7, but is reproduced on a larger 
scale in Fig. 8. The different rows of discs (each row having a 
connecting wire at the back) have their terminals in the thumb- 
screws 3, 4, 5, 6, of which 4 and 5 make direct connection with 
the relay and key, and 6 makes connection with the ground. 
Suppose the way-station to be between New York and Albany; 



Digitized by 
257 



Google 



28 THE ELECTRIC TELEGRAPH. 

let M represent the main line from New York, making connection 
with the thumbscrew 1 ; and M' the wire to Albany connecting 
with 2. Look briefly at a few changes in the connections that 
can be made by means of two metal pegs. Suppose each of the 
discs in a given row to be numbered as shown on the right of that 
row. Connect with pegs 1, 3 and 3, 2. In this case the current 
would simply pass from b.ir to bar across the middle disc 3 with- 
out affecting the instruments at all ; and in this position of the 
pegs they are said to be " cut out.'* Move the peg in 1, 3 to 1, 4 
and the main line circuit is op3n because there is connection only 
between discs of the same row. Move the peg in 3, 2 to 6, 2 and 
the current has to pass through key and relay in going from one 
upright bar to the other, and the apparatus is said to be "cut in." 
The drawing represents the switchboard in its simplest form, and 
the operations indicated are the most ordinary ; but if the learner 
will bear in mind that the discs are connected with each other 
only in straight lines across the board, he can trace out for himself 
other peg connections of discs and bars and the changes they 
bring about in the circuit. For instance, discs 6 all connect with 
the ground. Remove the peg from 1, 4 to 1, 6 and from 5, 2 to 
6, 2 ; the wire from both directions is now grounded, with the 
result that ^there are now two independent circuits — one in each 
direction from the way-station whose operator could now work 
with either New York or Albany, but the stations named would 
be cut off one from the other. Restore the pegs to their original 
position in 1, 3 and 3, 2, and the terminal stations can work with 
each other, but the way-station is once more " cut out." This is 
the position in which the pegs should be placed when the operator 
leaves the oflBce, or during a thunderstorm. But for the latter 
incident there is generally arranged a " cut out " outside the office. 
Many intermediate stations have more than one wire and switch- 
board to correspond, and it would be possible to fill pages with 
the combinations that might be effected ; but sufficient explanation 
has been given to indicate the method which, when once under- 
stood, can easily be extended and applied to suit larger needs. 

In the care and adjustment of his instruments, the operator 
should see that the local points of his relay and the points of his 
key are clean ; he should be on his guard to see that the armature 
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of his relay or sounder does not hit upon the soft iron of the cores. 
A good way to assure himself of this is to pass a piece of paper at 
times between the armature and the core. Instructions in the 
care of the local battery are now in order ; but they differ with 
the kind of battery used, and are usually furnished in the book of 
rules of each company. 

The purpose up to this point has been to give the reader an 
idea of the apparatus employed in telegraphy. It has been em- 
phasized thus far that the essential features of the local circuit, 
viz., battery, electro-magnets, and connecting wires, are all repro- 
duced in the main circuit, the differences being only those of 
adaptation to new conditions, r " 

With this statement a reversion is now made to the practical 
— to the matter of the exchange of messages, of which some 
examples of the ordinary form have already been given. The 
greater part of the business handled by the commerqial companies 
is of the kind exhibited ; but the work of the operator would be 
easy if it consisted in exchanging only such messages as the sam- 
ples. In addition to the ordinary form, there are those known 
among telegraphers by the following terms : Wire, service, for- 
warded message, repeated back, government, grain, transfer, cipher, 
number group, circular, C. N. D. (Commercial News Department), 
marine, and railway D. H. Then there is the press service, mak- 
ing use, in some cases, of fixed forms for a baseball score, golf 
score, and the like. Of ordinary press matter the volume on cer- 
tain occasions, such as a presidential convention, is great. At the 
present time much of the press matter is handled on wires leased 
from the telegraph companies by the press associations, and their 
carrying capacity is increased by the use of a code which enables 
an operator to transmit as fast as an expert typewriter, at his 
highest speed, can copy. Of code telegraphy, some details will be 
given later on. In addition to all these the art has been special- 
ized by railway companies in the movement of their trains and 
ti;aflBc, also by brokers and large commercial houses, to such an 
extent that even an expert operator must serve an apprenticeship 
in order to fit himself for the rapid work in these specialized forms. 

Of the different kinds of messages just enumerated, the first 
two designations are self-explanatory, the former having to do 
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with the assignment, arrangement, and cross-connection of wires; 
the latter with the forwarding, re-addressing, and delivery of tele- 
grams. Service messages have to do with the movement of the 
despatch from the customer to the hands of the party addressed, 
and, if errors have been made, with their correction. 

The following are examples of this form of message : 
Marietta Pa ofs. 

Give full address Oswald Denberg. We fail to locate 
ypur msg date signed National El. Co. S. Y. S. (sig) Munn, 
New York. 

The use of abbreviations will be noted ; and for some con- 
stantly recurring phrases, such as^ *'see your service,'* only the 
initials are used. " Give better address " is similarly represented 
by G. B. A. 

Munn, N. Y. 

Pis D. W. C. from original yours today Carnegie Steel 
Co. signed Union National Bank, A. L. Dignam Cashier. 
Same reaches us dated Waterbury Conn. ; Carnegie say think 
should be dated Watertown N. Y. Advise my care. 

(sig) Phila., Pa. 
In this case a " duplicate with care " is requested. 
An extra-date message is one that has been received by mail 
at, say, Albany office ; or, having come over another line, has been 
handed in to be sent forward, and takes this form : 
116A Bn Mo 15 Paid 

Berlin, N. Y. Oct. 26, via Albany Oct. 26 
Adam Brown, 

Bridgeport, Conn. 
Have been unexpectedly detained. Meet me next 
Monday at ten. H. Brosnan. 

In this case the five words " Berlin N. Y. Oct. 26 " are added 
in and charged for as part of the message. It is customary when 
the party to whom a message is addressed has left town, to for- 
ward it to a given address, in which case the forwarding station, 
with the word via, appears in the date, and the originating sta- 
tion and date are charged for, the same as in the example just 
given. 

Occasionally the sender of a message, to insure its correct- 
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ness, requests a repetition, in which case the words "repeat back " 
are inserted in the check and included in the count. For such 
repetition a charge of a rate and a half is made. A " night mes- 
sage " does not differ in form from the examples of paid messages 
already given, except that it is always copied on a blank printed 
in red ink, and in the check is inserted the word " night," which 
is not counted. In all collect messages, whether day or night, the 
word " collect " is counted as if part of the body of the message. 

Government messages are exchanged between the officials of 
the United States government and its employees, and differ from 
the ordinary fonn in that the address and signature are counted 
as part of the body of the message, thus : 

197W Kn Mg 28 Paid Gov't 

Washington, D. C. June 24 
Col. H. K. Ames 

Memphis, Tenn. 

Forward to New Orleans all the tents and rations you 
can spare in aid of the flooded district. 

(sig) E. M. Harrison, 

Conunissary General. 

The text or body of this message contains only seventeen 
words ; but the count of every word in the address and signature 
makes the check twenty-eight. 

A prominent feature of commercial telegraphy at the present 
day is the facilities provided for the quick interchange of messages 
between Produce, Stock, and Cotton Exchanges in cities remote 
from each other, the circuit arrangements being such that the 
members of these bodies can carry on their trading with a celerity 
and correctness that leave little to be improved upon. Many of 
these tradei-s have their own private wires ; but the greater part 
of this class of business is carried on by the New York Produce 
Exchange with the different grain centres, such as Buffalo, Toledo, 
Detroit, Chicago, Duluth. In the forms of messages hitherto 
given each message is preceded by its number, tlie signals of the 
sending and receiving operators, and the check. In the exchange 
of grain orders all this, with the exception of the number, is dis- 
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pensed with. To show the difference in usage between the ordi- 
nary and the exchange form, a message is given in both : 
B123 Da Mo 7 Paid 

Ex Chicago, May 18 
J. C. Ladenberg, 

New York. 
Sell five July corn at sixty half. 

(sig) M. J. Allen. 
In practice this would be transmitted in abbreviated form, 
thus: 

B186 7 Pd. 

Ex. J. C. L. Sell etc. (sig) M. J. A. 

Such work, of course, calls for experience on the part of the 
operator and great familiarity with the names of his patrons ; 
these being granted, tlie volume of business that can be handled 
during exchange hours is large. 

There has been evolved in connection with the telegraph ser- 
vice a great convenience to the business community in the order 
by wire to pay to one party money deposited by another — a trans- 
action possible between cities on opposite sides of the continent. 
The instrument of this exchange is a message called a '* transfer," 
of which the following is the common form : 
B171 Dq Rn 17 Free 

Hartford, Conn. June 19 
J. D. Mallory, 

Henderson, Texas. 
Pay to N. D. Hilliard, Hotel Baldwin, gilt, bald edge- 
ways from E. L. Adams, Jr., Hartford. Vigilant 

(sig) H. N. Tallman, 

Transfer Agent. 
It is a curious fact in connection with the "transfer" that 
in place of the very commonly used D. H. for " deadhead " in the 
check, the word " free " has always been retained. It is said that 
the use of this rather grim phrase with the meaning ♦* no charge " 
dates as far back as the Romun times, when free admission to the 
circus and the theatres was gained by the presentation of a carved 
death's head furnished by the authorities. 
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THE CIPHER flESSAQB. 

In the above message it will be noticed that the amount to be 
paid is indicated by words without meaning to the outsider ; and 
it concludes with " Vigilant," which is Understood to mean " iden- 
tification is required." The " transfer " is, therefore, in part a 
cipher — a form of message much in favor among patrons of the 
telegraph. It involves the representation of a word 6r phrase by 
a word arbitrarily chosen, and therefore understood only by those 
concerned ; and this is very nearly the dictionary definition of the 
word "cipher" used in the sense of a secret writing. Its use in 
telegraphy serves the double purpose of economy and secrecy; 
and incidentally some forms of it greatly tax the patience of the 
operator. As the meaning of the cipher is the concern only of 
the correspondents, there may be as many systems as there are 
patrons ; but among business men the phrases in common use be- 
came so numerous that cipher-making itself became a business. 
At the present time quite a number of systems are in use ; so that, 
to carry on a secret telegraphy, the patron needs only to buy two 
copies of any preferred code — one for himself, and one for his cor- 
respondent. As the words representing the different phrases are 
generally chosen arbitrarily, any number of English words chosen 
at random might be taken to form the text of a ^' cipher " message. 
But portions of two or three with fictitious addresses, are here 
given to bring the learner into touch with the reality. 
B67 Ha Ks 10 Paid 

New York, June^l9 
L. M. Hazeltine, 

Boulder, Col. 
Metemperic entire peasoup velvetleaf bondmaid eighteen 
birthsongs thalarctos each periwig. 

(sig) Alpha. 
B68 Pq An 11 Collect 

North Adams, Mass. June 21 
C. K. Thurber & Co. 

New York. 
Admixed unaided unbias aleak unapplied fetch andiron 
marauding maroon hairpin.' 

(sig) E. M. Seymour. 
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In this last, as in all messages similarly checked, the word 
"collect" is counted. Of the more difficult forms of cipher that 
in use by the large business houses of the West furnishes two 
examples : 

C18 Mo Ns 20 Paid 

Kansas City, Mo. June 21 
L. M. Wetstein, 

New York. 
Molucris morbescunt desque cow dexterous demulsion 
facial gildos holzstoss hoodwink hymnifero hamaux marandara 
vetader no vetachtig motandos fatichera komplot salami. 

(sig) Robum, 

D21 Aj So 15 Collect 

Indianapolis, Ind. June 24 
R. A. Clarkson, 

Middletown, N. Y. 
Asander unbespeak umsetzbar unbeing boneless mar- 
agnon monarch cervelat disallowed each car alamoth arrodeth 
absorb. 

(sig) Schievelin. 

Quite commonly these messages contain several hundred words, 
and no knowledge of English or of any other language is of much 
aid to the receiving operator ; he must watch for each letter, and 
pen or typewrite the signals as they arrive. It should be apparent 
at a glance what an indispensable aid to this work the typewriter 
is. By means of it these unintelligible words are copied in a man- 
ner that makes them unmistakable to the reader, and the receiver 
has no need to resort to the old expedient of *' \vriting in" the. 
Morse characters under the letters imperfectly formed by the pen. 

The Cable Messag^e. The high tolls charged for cable ser- 
vice makes the use of cipher in their composition very common. 
The address and signature of each message is counted, and the 
former is often transmitted as a cipher word, which is duly registered 
for reference when needed ; for instance, Havicam, London, might 
stand for Haviland, Campbell & Co., at any address in that city 
they chose to give. A single example only of a cable message 
need be given, as the one form is quite generally followed. 
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62 Yv Kn Duluth 10 

Richfig, 

Rotterdam. 

Ascanilota apilatori makobojoss Koln luhoto 

schizandra pythao (sig) Blockland. 

Several of the words, it \i ill be noticed, contain just ten letters. 
This is the permissable liml^ for one word ; if exceeded, tlie word is 
counted as two, except in case of the destination, as Constantinople. 
The correct handling of cables involves many matters of detail in 
regard to the " count " which requires some little practice to master 
properly. 

A unique form of cipher deserving of mention here, makes a 
message to consist entirely of groups of figures, usually five in a 
group and in this form: 17641, 75689, 84356, 09543, and so on 
through hundreds of groups. For the nought beginning the last 
group tbe signals for TW — dash, dot, dash, dash — are sometimes 
used. This form of cipher seems to be much used in correspond 
ence between the different governments and their representatives 
and agents. 

The circular message, as its name indicates, has a Dumber of 
addresses with a common text, or body. For this form the senders 
generally avail themselves of the night-rate service. Except for 
the plurality of the addresses, each one of which in sending is 
separately numbered, it does not usually differ in form from the 
ordinary message. 

The ^'C N. D.'* The Commercial News Department message 
is as unique in appearance as it is different in form from the others. 
The department is an agency for systemized and detailed advice 
in matters of commercial interest as they transpire in the different 
exchanges, and in sporting matters to individual patrons and cus- 
tomei^s. For transmission by the operator the message is usually 
written either on a pink blank or on a sheet of yellow manifold. 
One such, picked up at random, reads : '* Add Charleston. Quiet 
8 1 Sales 50 . . . 2.31 " This is a quotation of cotton, and the 
time when written takes the place of the signature. Another 
reads : 
" Detroit close 2.25 

« Dw 84b Red & m 81 N 76 U 75i . . . 1.15 " 
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To the initiated this means : Cash wheat 84 bid ; Red and mixed 81 
July 76 September 75 J. 1.16. is the Detroit time; 2.25 is the 
time received in New York. Another, addressed to a summer 
hotel on Long Island, reads : 

"Stocks A81f ; St 175; MP109| ; USS37f ; U 105 . . . 
10.16 A.M.," in which A stands for Atchison, Topeka and Santa 
F^ ; St for St. Paul, and so on through the list. 

These brief examples give the merest hint of the traffic of 
this elaborate system ; and so diversified are its forms it takes 
weeks and in some cases months of training to make even a 
skilled operator master of the service. 

The Marine Message. The natural interest of the friends of 
those at sea in the sighting of their ships, and their desire to know 
the probable time of their amval at the dock in New York, led to 
the organization of the Marine Department, which, on payment of 
a certain sum, furnishes the information in the following form : 
Marine Department, New York, June 2. 

George Homer, 351 West 14th St., New York. 
Steamer *' Columbia " will arrive, unless detained at quaran- 
tine, about 6.30 p.m. (Sig.) Manager Marine Department. 
This service is almost as old as the telegraph itself, and it remains 
to l^e seen how far the wireless system will modify it. It is cer- 
tainly in this direction that the latter system should first make 
itself felt. 

Of the railway D. H. a short example has already been given 
as one of the three specimens of the ordinary message. Its marks 
are the use of initials and groups of figures in which each digit is 
counted as a word. They are frequently of great length, and re- 
quire some care in copying in order not to lose the coimt. 

Abbreviated Telegraphy. A notable development of the art 
in connection with the fast-speed press work involves the use of 
abbreviations according to a system, and is known among the 
craft as Code Telegraphy. It was always more or less the custom 
among press operators to abbreviate familiar and frequently recur- 
ring words and phrases when sending to experienced mates ; but 
the introduction of the typewriter gave such impetus to the art 
that a codified Morse, at the present time, is not far behind the 
speed of ordinary speech. Beginning with the Morse alphabet, 
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figures and ordinary punctuation marks, the code system first pro- 
vides an extended system of punctuation covering all the cliarac- 
ters and marks that commonly occur in print, as follows : (See 
page 34.) 

For an apostrophe the signal is the same as that given in this 




Quotation beginning ^ 
Quotation end " 
Quot n within quot*n 



Cipher beginning 
^roup of figures 



chart for quotation within a quotation ; a parenthesis begins with 
Pn, and ends with Pq ; a fraction, as |, is transmitted 3e4 ; a deci- 
mal, as 89.92, 89dot92 ; omitted words are indicated by a series of 
x's ; and in sending one or more lines of verse a pai-agraph mark 
( ) closes each line. 
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The system in general use among operators is the Phillips 
Code, from its inventor, Mr. Walter P. Phillips, general manager 
of the United Press ; and in its arrangement it advances of course 
from the simple to the complex. Single letters are first made to 
represent common words and phrases : B, be ; C, see ; F, of the ; 
K, out of the ; Q, on the ; and so on through a list that need not 
be reproduced here, because the entire code can be purchased in 
book form and contains, besides the code itself, hints for the mem- 
orizing and proper use of it. The single letter list is followed by 
the two-letter and three-letter contractions ; and the learner will 
think it is a far cry from the jog trot of the ordinary text to such 
expedients as " fap " for " filed a petition, " " sak " for *' shot and 
killed, " and " sbl " for " struck by lightning." The typewriter 
alone makes the use of such abbreviations possible. In order that 
beginners may catch the spirit of the system, the following exer- 
cise is written in the code text and then given in full : 

" Bt Lafa Pic is smhw Lafa Pic stil. Its tmsfmatn into chp 
lodgmts is gradl tho su. T sieg gos stedly on, bt t bsiegd hv n yet 
sucmbd. Ey y t hansm cariags tt rol up & dwn its aves gro fuer 
and fuer si ey y its pavmts worn bi t fet o ded & gon Nikrbokrs 
r m fqd bi shaby Germns or slatrnly Italns." 

"But Lafayette Place is somehow Lafayette Place still. Its 
transformation into cheap lodgments is gradual though sure. The 
siege goes steadily on, but the besieged have not yet succumbed. 
Every year the handsome carriages that roll up and down its 
avenues grow fewer and fewer ; every year its pavements, worn by 
tho feet of dead and gone Knickerbockers, are more frequented by 
shabby Germans or slatternly Italians." 

Messages for Practice. To extend the student's practice, and 
further to familiarize him with the appearance and wording of the 
different forms of messages, the following specimens have been 
selected. They are arranged promiscuously, so as to afford exer- 
cise in naming the different kinds; attention should also be given 
to the different ways of counting in cable, government, collect 
messages, etc. 

A116P Hk Wu 18 Free. 

Portland Me. 27 
J. E. Bierhardt, Transfer Agent, 

Rome, N. Y. 
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Pay W. L. Dumont, Arion Club, Central Hotel, Rome N. Y. 
Japan Alms, Indent from Abner Gaylord, Portland. Caution. 

(sig) Wm. Ellerby, T. A. 

57 Av Uc 20 Collect 

Tb Hartford Conn 4 
Adam Mason & Co., 

Ottumwa, Iowa. 
Manifoldly mensural parks nacrite distrust nacori cryin 
naively medium mensural nalubu monitory treble namesake mon 
rudeness Naaman tourmaline, Hawaii 

(sig) H. M. Allen & Co. 

158N X Rs 17 Paid 

Norfolk Va. 4 
Chandler Elevating Co. 

Great Bend Ind. 
Skeptic W. H. McAlpin border route Norfolk western on 
tantrum tread affording chuckling offers chubby affray more 

(sig) L. W. Jay & Co. 

14 Wd Fr 12DH. 

Marine Dep't, N. Y. 29 
M. B. Goldfogle, 

International Hotel, N. Y. City. 
Steamer Campania will arrive, unless detained at Quarantine, 
about 8 A. M. tomorrow. 

(sig) Manager, Marine Dep't. 

273 W 125th St. N. Y. 

D. F. S. Delivered ok your 23 today to S. S. Cooper 
sined Atkinson. (sig) Phila 

In this case " DFS " means destroy former service. 

Danville N. J. 

Yes have collected 25 cts for msg to Dickerson sined Hall 

(sig) Garfield N. J. 

191 Kf Gs 16 Paid 8 Extra 

Str. Campania off Sagaponack L. I. 'Nov. 29 

via New York 29 

Morris, 21 Flushing Ave. 

Jamaica L. I. 
All well. Dock early Sunday. Don't come down 

(sig) H. N. Ileldman 
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The above resembles one received by the " TVireless " and 
transferred by them to land lines at New York. 

133 Ro Py 22 Paid Gov't 

Washington D. C. 29 
Morning Register, 

Dallas, Texas. 
Showers Sunday warmer except on the coast; Monday fair in 
northwest; showers in east and south portions. 

(sig) Wells. 

119 Fs Ki 11 Paid 

Winnipeg Man 29 
Lindsay & McDonald 

Valley Stream, L. I. 
Offer saltcat to saltpeter scalene throe garrulity en route or 
gallate. (sig) Robb & Parrish. 

174 Wr Ta 6 Collect. 

South Bend Ind 4 
Champion Beef Co. 

Pine Island N. Y. 
Enkindle gratefully erupt none trundle. 

(sig) Baker Packing Co. 

114 Gu Ps 8 Paid Night 

New Orleans 29 
Mrs. S. Dorner, 118 West 119 St 

New York. 
Will be home Monday afternoon . Tell Ella. . Love. 

(sig) Joe. 

128 F Kn Cable 

Havana 6 
Hammond, 

Calumet (Mich) 
Candelabra domiseda 780 calefying. 

In the above, the State in parenthesis is supplied by the land 
line clerk, and is not counted; the group of figures is one word. 

193 Yv Wr 12 Paid Repeat back 

Philadelphia 31 
R. B. Dignam 

New Orleans. 
Elmpole arundelian bags parable admit actuality rampal- 
lian Halpen aliped bags. (sig) C. Emslie & Co. 
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In this case the words " repeat back " are counted and charged. 

... ... ... 7 Paid Charge 

Newark N. J. 29 
Adams Ilich & Co. Memphis Tenn. 
A. N. Harriman Louisville Ky. 
F. J. Farjeon Mobile Ala. 

Walter N. Davis St Louis Mo. 
No reds; best Jerseys eight twenty five. 

(sig) C. W. Allison. 

In transmitting messages like the above each operator num- 
bers and times the address of the one which goes on his particular 
wire; then passes it on to another and so on until all, sometimes 
scores in number, have been sent. 

To Albany N. Y. Dec. 15 

B33 487i 

34 484'' (sig) 10.18 

To Salida Colo. 

N. Y. Metal Ex. Pig lead 412J 

London Silver 22| (sig) 9.10 

To New Orleans and Mobile. 
C. Adam 

31 - 99 - 30 (Sig) 11.43 

174 Ko Fc . 44 DH 

Bridgeport Conn 29 
Agent L. S. KK. Co. 

Cleveland Ohio. 
From Paterson to Cleveland June 1st in D L car 27052 
one case brass tubes number 2596 consigned Schneider & Fen- 
kamp covered by Lackawanna line waybill 2774 advise date 
arrival and delivery quick. (sig) R. J. Camp 

By way of introduction to the next topic — Railway Teleg- 
raphy — the above series of specimen messages concludes with one 
more example of a railway DII. 

37 Av Ty 86 DH 

Springfield Mass 20 
E. H. Palmer, 

Buffalo, N. Y. 
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File W, Adams to East BuflFalo Wb 111 Dec 8 Christmas 
trees for D. IL Croley Dunkirk N. Y. deld N. Y. C Dec. 9 on 
B & A 2718. Please advise delivery. Kush. 

(sig) H. C. McCarthy. 

Railway Telesrraphy. It is well known that the first tele- 
graph line built in the United States was intended for commercial 
work; but the new art had not long to wait before it was enlisted 
in the service of the railway. Along their right of way the latter 
erected poles for the accommodation of their wires to which the 
commercial companies soon made additions; and, except in the 
larger towns and cities, one man usually did the work of both. 
As railways extended and towns multiplied, the work of the latter 
differentiated from that of the former so that today there are two 
well defined divisions in the craft; interchange going on between 
them, however, all the time. 

In many places even yet by agreement between companies the 
railway operator covers the service for the commercial; the latter 
likewise transmits in great numbers over its wires the service mes- 
sages of the railway, examples of which have just been given. As 
compared with these, the student will find that the railway mes- 
sage usually takes an ampler form, more nearly approaching that 
of a letter. In railway work all messages are " service," and 
concern the movement of freight and passenger trafiic, and the 
dispatching of trains. All. the stock phrases in use are shortened; 
initials, figures, and abbreviations occur in nearly every line; the 
" count" which serves as a safeguard to the commercial operator 
is dispensed with, so that there is all the more need for the 
operator to be on his guard against omissions. 

Again, mention was made in connection with commercial 
messages of the use ol forms for races, games, and the like; in 
railway service this is a marked feature, their number in the case 
of some leading railways exceeding one hundred. 

Then, thirdly, in connection with the purely telegraphic part 
of the service is the very important work of handling the train 
orders; first as received from the dispatcher, and then repeated 
back with tlie signatures of the recipients. 

On a single track railway a crossing order, at one time, com- 
monly ran thus: — 
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To Conductor and Driver Train No. 21 

Train twenty-one will meet and pass Special Freight, Con- 
ductor Holmes at 31 

(sig) H. M. Wallace. 

H. M. Wallace 

32 Train twenty-one will meet, etc. 

(sig) Conductor and Driver. 
More recent usage however is indicated by the following 
forms; in connection with which it may be premised that the aim 
is simply to acquaint the student and prospective railway operator 
with the forms of the messages he will be called upon to handle; 
but, in order to make them intelligible, some details of the train 
despatcher's work must accompany them. This can be set down 
as consisting, for the most part, of (1) orders fixing meeting 
points for trains; (2) fixing the point for one train to pass and 
run ahead of another; (3) giving a train the right over an oppos- 
ing train; (4) giving regular trains the right over a specified 
train ; (5) providing for the use of a section of double track as 
single track; (6) providing for a single movement against the 
current of traflic on double track. Then there are (7) time 
orders; (8) orders for sections; (9) for extra trains; (10) for 
work extras, or auxiliaries; (11) holding orders; (12) orders 
annulling or cancelling a regular train; (13) annulling an order 
or part of an order; and, (14) orders superseding an order, or 
part of an order. 

From the list of train movement forms thus indicated, some 
of the more important, viz., the first, second, fifth, eighth, ninth 
items are selected for illustration; the names chosen for the 
stations are fictitious; but the forms are those in actual use on 
some of the leading trunk lines. 

Suppose a single track, of which Balmain and Allaire are 
terminals; Eden and Canton are intermediate stations. Train 334 
going south is late; it is desired to advance on its time train 331 
going north, Eden being the regular meeting place. The des- 
patcher calls up Balmain, Allaire, and Eden and sends the follow- 
ing; C and E being the stereotyped abbreviation for Conductor 
and Engineer: 

31 No. .. Oj[)erator, Eden. 

31 No .... C & E No. 334, Allaire. 

31 No. . C & E No. 831, Balmain. 
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No. 331 has right of track from Eden to Canton 

sig W. L. D. Sup't. 

Each operator copying this message must repeat it back to the 
despatcher, and each one must listen to its repetition by the others. 

Another form of crossing order for two trains, one at Eden 
the other at Balmain, would run thus: 

31 No C & E No. 332 Edep. 

31 No C & E No. 329 Balmain. 

No. 332 and 329 will meet at Carrolton. 

In this and the examples to follow a signature is taken for 
granted. 

For the next movement, viz., the passing of one train by 
another, the procedure is less formal. It is desired that train 601 
should allow No. 1 to pass. In this instance the co-operation of 
the signal towers, having control of the switches and side-tracks, 
is enlisted. The despatcher calls up the tower, say at Breslin, and 
tells the operator that train 601 is next to him, and that he is to 
side-track it for No. 1. The next tower beyond, say Ashley, is 
then notified that 601 is in the siding at Breslin for No. 1, so that 
he may know which train to look for first. Or, the passing may 
be arranged for in a formal manner: 

31 No C & E Extra 594, Breslin. 

31 No.. .. C&E No. 6, Breslin. 

Extra 594 will run ahead of No. 6 Breslin to Dexter. 

In this case the speed of No. 6 must not exceed that of Extra 
594 between the points named. 

The fifth item presupposes the blockade of one of the two 
tracks by a wreck — an incident by no means exceptional; the 
situation being indicated in the cut: — 

TRAIN NO.e ^'^v^ X WRECK ^^^ — » EAST 

CARLSBAD^ >> J ^^^ ,^^^ ^^^DANBURY 

^x/ ^-^ .—-WEST"" 

The station next east of Danbury is Berber. The procedure 
is then: — 

31 No C & E all west bound trains, Berber. 

31 No C <k E all west bound trains, Danbury. 

31 No C & E Train No. 8, Carlsbad. 
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No. 8 Engine 914 will use west bound track from Carls- 
bad to Danbury; and has right of track over all west 
bound trains. 

This message is repeated back by all three stations; and 
under its provisions no west bound trains can pass Danbury until 
No. 8, Engine 914, has passed east. 

During the summer season it is a common incident of the 
despatcher's work to be called upon to divide into sections trains 
that, by the addition of extra coaches, have become too heavy for 
one engintj. The two, and sometimes three, sections must be so 
protected one by the other that, so far as their right of way is con- 
cerned, they are substantially one train. Let us suppose train 
No. 8 at Corbin, going east, has too many coaches for one engine 

31 No C & E No. 8, Corbin. 

No. 8 will carry signals from Corbin to Jersey City for 
Engine 672. 

Engine 672 then takes the second section, and proceeds to its 
destination under protection of the signal. If a third section is 
necessary a message similar to the foregoing would be addressed: 

31 No C & E second section No. 8 engine 672. 

A third engine namod in this message then proceeds under 
the protection of the foregoing with a third section of the train. 

The above is the method of procedure in case the need for the 
third section did not appear until after the first section had left 
Corbin. Otherwise the division into three sections would take 
this form: 

31 No C & E Engines 671, 672, 891, Corbin. 

Engines 671, 672, 891 will run as first, second, and 
third section of No. 8 from Corbin to Jersey City. 

This form implies the carrying of signals, one for the other, 
as prescribed by rule; and trains carrying such signals are 
regarded by other parts of the running service as practically one 
train. 

For the starting of extra trains the signal ''19 "is used 
instead of '' 31 " and the order runs thus: 

19 No C & E Engine e587, Jersey City. 

Engine 587 will run extra from Jersey City to Berber 
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If a regular train is late, and it is desired to giv^e this extra 
a right to the time of the regular, it is done by inserting in the 
above message " No. 3 will run 30 minutes late from Jersey City 
to Berber," All these orders are copied on manifold paper; one 
copy is furnished to the conductor, another to the driver, while a 
third is filed by the operator for his guidance and future refer- 
ence. These examples could be multiplied indefinitely, but it is 
believed these citations are sufficient to indicate to the learner the 
kind of service expected of the railway operator in co-operation 
with the work of the train despatcher. 
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PART II. 



The principal topics considered in Fart I, were the ^' learner's 
outfit"; the "one-wire" office with its relay, key, sounder, and 
local circuit; and the switchboard for the cutting in and out of 
instruments, and the cross-connection of wires. There are scores 
of such offices, called branches, in the larger cities; and every 
town throughout the land has at least one. 

An advance is now made to the more complex equipment of 
a junction station, or town office, to which a score or more of wires 
converge, and from which they radiate in all directions. 

Instead of a " one- wire " set, there may now be noticed on 
the desks or tables, six, eight, or ten relays and keys; the sounders, 
possibly less in number than the relays, are operated by a current 
furnished by storage cells to which energy is supplied by an electric 
light circuit. Tlie clock on the wall is probably of the " electric " 
pattern with two Leclanche cells inside. On a shelf are probably 
two or three sets of apparatus called repeaters; on another table 
are the duplexes or, it may be a quadruplex, whose principles and 
manner of operation need careful consideration; and in place of 
the diminutive single-Wire switch of the city branch, or country 
office, is its more ambitious counterpart with fittings for some 
thirty, forty, or fifty w^ires. The handling and care of such a plant 
calls for skill and experience to w^hich many a commercial operator, 
doing the work merely of a sender and receiver, is a stranger. 

A consideration of the apparatus and methods of work in this 
larger office is the purpose of this paper; and the apparatus first to 
be studied is the switchboard. The one shown in Part I is a 
" single-wire intermediate"; but to accommodate the thirty or more 
wires now in view a greatly enlarged form is needed. The de- 
scription of the small switchboard should be re-read, noting that in 
an intermediate switch two vertical strips are needed for a wire; that 
is, one strip for each direction of the wire, say north and south; in 
the switch of a terminal office a wire occupies only one strip. 
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Of the former class a common pattern is shown in Fig. 9; the 
diagram representing three pairs of strips out of a 50-strip switch 
for the accommodation of 23 wires; the gap in the middle repre- 
sents 19 omitted pairs; the pair on the extreme right has a special 
use which will be explained later. In all respects the numbers on 
the small switch shown in Fig. 8, Part I, have been duplicated, 
except that the top row of discs is reserved for the ground wire; 
and for a review we shall go over, on this larger board, all the 
steps taken in connection with the smaller one. 

In Fig. 9 the strips are numbered, for convenience, at the 
lower end from left to right; the disc rows are indicated by the 
figures down the center. In some patterns of boards the strips are 
so shaped at the bottom that to join them up in pairs a peg can be 
inserted. The switch is supposed to be at a station intermediate 
between Cincinnati and Chicago; strips 3 and 4 accommodate 
wire 1 South and 1 North respectively; strips 5 and 6, wire 2 
South and 2 North; and so on. Disc rows 4 and 5 are connected 
on the left with one set of instruments; rows 6 and 7 with another 
set. In the drawing they are shown close to the board, but in 
practice the instruments are usually at some distance from the 
board on a desk to which the connections are made by means of 
office wire. Suppose, first,. that the instruments are to be "cut 
out". Connect with a peg, strip 3 and disc 3; and strip 4 with 
the same disc 3; wire 1 has now no connection with either instru- 
ment, the current simply crosses on the disc from strip to strip. 
Move the peg in strip 3 to strip 3 disc 4; there is now no connec- 
tion between disc rows 3 and 4, and the circuit in wire No. 1 is 
broken. Move the peg in disc 3 strip 4 to disc 5 strip 4; the cur- 
rent in wire 1 will pass through the relay and key connected up 
to disc rows 4 and 5; and the instruments are now said to be "cut 
in". In this larger board the ground wire occupies the top disc 
row, instead of the bottom, so that the discs marked 6 can be used 
the same as any other numbered row. 

Reverting now to the changes indicated in Part I, page 25; 
for the sake of practice, move the peg from strip, or bar, 3 disc 4 
to bar 3 disc G; and the peg from bar 4 disc 5 to bar 4 disc G; the 
wire from each direction is grounded. There are now two inde- 
pendent circuits each with a battery at one terminal only; Cincin- 
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nati and Chicago are cut off one from the other; the way-station 
instruments also are cut out. In order to "cut in" on the south 
section of wire No. 1, remove the peg from bar 3 disc G and 
insert it in bar 3 disc 5; put a peg in bar 1 disc 4, and another in 
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Fig. 9. 



bar 1 disc G. The current from Cincinnati must now pass through 
the relay and key at the side of the switchboard before reaching 
the ground at bar 1 disc G. The peg having been restored to bar 
8 disc G, the same set of instruments, or a different set connecting 
with disc rows 6 and 7, can, in a similar manner, be cut in on the 
north section. Restore the pegs to bars 3 and 4 disc 3, and the 
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terminals Cincinnati and Chicago can now work with each other, 
but neither of the instruments at the side of the switchboard is in 
the circuit. 

The letters D F on the extreme right hand of Fig. 9 stand for 
the words " double flip " — a device more commonly used in a termi- 
nal than in an intermediate ofiice; but it may as well be explained 
here. In a board like that in F'ig. 9, whether terminal or inter- 
mediate, each strip has underneath it a "flip", or spring-jack for 
the insertion of a wedge; usually the pairs of strips on the extreme 
left and right are set apart and joined in pairs by a wire behind 
the board. Strips 49 and 50 are practically one bar with two flips 
at the lower end — hence the name. A board like that in Fig. 9 is 
often part of a larger system ; it may have a similar section on the 
right and left. The " double flip " enables the switch operator to 
desk and furnish battery to a wire coming in on another section, 
by running along on one of the disc rows. The twin discs shown 
in Fig. 9 have reference also to the presence of a companion section 
on the right-hand side; in such a case the discs on the extreme 
right of Fig. 9, row for row, wxnild be connected with it; and, by 
inserting a peg between the twin discs, rows of like number in the 
separate sections may be joined, making them continuous across 
as many sections as desired. 

Besides the cutting in and out of his own instruments, it is 
one of the duties of the intermediate station ojwrator correctly to 
cross-connect wires at the request of the wire chiefs. He may be 
asked, for instance, to connect 1 North to 2 South, and 2 North to 
1 South. Remove the pegs from bar 3 disc 3, and bar 4 disc 3. 
Peg bar 4 disc 2; bar 5 disc 2. Peg bar 6 disc 3; bar 3 disc 3. 
The current on 1 North crosses disc 2 to 2 South; the current on 
1 South crosses disc 3 to 2 North. "While this cross-connection 
stands, care must be taken to connect no other wires on either of 
the disc rows 2 or 3. The test station may have instruments, as 
shown in Fig. 9, connected up to disc rows 6 and 7. If it is de- 
sired to put this instrument in circuit on the wire 2 North to 1 
South, remove the pegs from bar 6 disc 3, and from bar 3 disc 3. 
Peg bar G disc 0, and bar 3 disc 7. To facilitate the correct trac- 
ing of the different disc rows, it is common to alternate four rows 
of specially marked discs with four plain ones. To make any 
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cross-connections and combinations of wires that may be needed, 
the operator needs only to get clearly before him the relation of 
bars and discs one to the other, remembering that the several rows 
of discs have no connection with each other or with the bars except 
by means of pegs. 

Recent Form of Switchboard. The pattern shown in Fig. 9, 
although in very general use, has some defects for which a remedy 
is sought by a change of form. The connections for " in " and '' out " 
on the top side only of the board require two strips to a wire — an 
arrangement which is wasteful of space. There has recently 
been installed in a suburban test oflBce near New York an entirely 
new form of switchboard for intermediate stations in which the 
wires pass in at one side and out at the other. A 50-wire board 
of this pattern is seven feet in height, and thirty-three inches in 
width. The lower part resembles somewhat a long-distance tele- 
phone cabinet; the shelf is thirty inches from the floor, and the 

Fig. 10. 

space underneath is taken up with the slack of the cords. On top 
of the cabinet are strips, like that shown in Fig. 10, placed one 
above the other to the number of say fifty, supported at the corners 
by four vertical bars of angle iron resting on the floor. The strips 
are of wood, one inch wide, each consisting of three parts. On 
each of the end parts are a fuse and carbon plate lightning 
arrester; in the middle part are four holes. A, B, C, D, for type 
jacks, and three discs. Between the holes for the type jacks is a 
tag for marking; the wires in the drawing are 1 West and 1 East. 
Extending up both sides of the switch are the wires contained in 
cables, parting with their conductors one by one and making con- 
nections with the fuses at each end of the strip. 

The middle portion of each strip is ten inches long; and a 
side elevation is shown in Fig. 11. The four type jacks are con- 
nected in series as represented; between the two inner ones are 
three discs — the middle one grounded; a peg inserted on one side 
or the other of the center disc will ground the wire in the direction 
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desired. The inner pair of jacks is for patching. In building up 
the switchboard the strip next above the one shown would be 2 
West and 2 East. Each cord is fitted with an automatic slack 
take-up, as shown, and cross-connections are made by means of 
single cords and connection plugs F and IL To cross-connect 1 
East to 2 West it is only required to place one of the plugs F In 
the patching jack marked 1 East, and the other plug II in the 
jack 2 West. In the diagram 1 West appears grounded by means 




Fig. 11. 

of peg E. The outside pair of jacks is used for inserting loops; 
also to cut in test and desk instruments. The disadvantage in this 
form of switchboard is that the continuity of the wire de{)end8 on 
the perfect contact of the four springs with the pins behind them. 

Figs. 10, 11, 12 and 13 are from a "Pocket Edition of Dia- 
grams" by Willis H. Jones. They are reproduced through the 
courtesy of the publisher of The Telegraph Aije, 

An inspection of the diagrams in Part I yields a fair infer- 
ence that each relay must have its own sounder; but the opening 
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lines of this paper in which it is said that the sounders, possibly 
less in number than the relays, are operated by a storage current, 
hint at a departure from this rule. In former days the telegrapher 
sometimes made his first efforts at invention in a plan to economize, 
by making one sounder do duty, at different times, for three or 
more relays. But the field of devices for locals is well covered 
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Fig. 12. 

now; one of the results is shown in Fig. 12 which represents an 
arrangement of circuits in which one sounder can, by means of a 
switch, be worked in connection with three relays. The diagram 
needs no description, but the connections should be traced in each 
case; the lever resting on the right, middle, or left points cuts in 
the corresponding relays, in each case forming an independent local 
circuit. At junction stations, where passing trains are likely to 
make considerable noise, one sounder may be insufficient; in this 




Fig. 13. 

case an extra one with a local circuit of its own is sometimes pro- 
vided. In Fig. 13 is shown how such an additional common 
sounder may be used in connection witli three different circuits, 
each sounder having a battery of its own. 

For local systems of this kind the form of battery most com- 
monly used is that shown in " Elements of Electricity", called the 
Daniell, or "blue-stone", cell. Better still is the modification of 
it show^n in the same paper known as the " gravity " cell in which 
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the zincs can be so fitted, one into the other, that no portion of 
that metal needs to be thrown away or wasted. But not even the 
local battery system has escaped the spirit of change; and in many 
recently-equipped offices the zinc and copj)er tyj)e has l>een replaced 
by the storage cell, so called. The name implies the giving out of 
a current derived from another source — generally a dynamo — but 
the idea requires some modification, as will apj)ear later on. 
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Fig. 14. 

In Fig. 14 is shown a storage cell system fed by a dynamo 
which is also the source of energy for an electric- light plant. 
There are two storage cells, one of which, B Fig. 14, is in the same 
circuit with, and receives the current in the same manner as, the 
lamps. The other cell, B', is disconnected for the time being from 
the dynamo, and is represented as supplying the current for a 
number of sounders arranged in multiple on the lower right. It 
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will be apparent on examination that the method of connecting up 
the lamps in one circuit and the sounders in the other is the same. 

In the opening paragraphs of " The Electric Current " the stu- 
dent has learned something of the laws of resistance. His attention 
is called at this point to the difference between the series and multi- 
ple arrangement of sounders. In the former, the resistance in ohms 
offered by the coils is the resistance of one sounder multiplied 
by the number of sounders; 
in the multiple system it is 
the resistance of one sounder 
divided by the number. A 
pair of knife switches, S and 
S', shown in Fig. 14, is the 
means by which storage cell 
B,' when it is exhausted, can 
be cut in on the same circuit 
with the lamps; its place in 
operating the sounders is 
then taken by the freshly 
charged cell B. In Fig. 15 
the construction and action 
of the double knife switch is 
clearly shown. When turned 
from the position they hold 
in the diagram they make a 
new series of connections 
with the result already in- 
dicated. 

The Dynamo in Telegraphy. Within, little more than a quar- 
ter of a century this appliance, regarded at first somewhat as a 
curiosity, has advanced to the place of an indispensable and well- 
nigh omnipresent help in the mechanical and technical world. In 
countless shops and factories its familiar hum and vari-colored 
sparking can be detected in out-of-the-way corners; while in power 
houses its more developed and, in some cases, giant form fully 
justifies the remark of the scientist Faraday when he saw the first 
dynamo in operation: ''That was my child; but you have made a 
man of him." In the field of telegraphy its principal uses are to 
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charge storage cells, and supply current for the main lines. In 
the former operation, the cell is said to be fed by the dynamo; 
and, as already illustrated, it is commonly carried on in com- 
bination with the supply for an electric-lighting system. The 
"fecKiing" consists of a chemical change in the cell, whose ele- 
ments, when the charging ceases, give up in the form of electricity 
the energy thus imparted. 

As the dynamo is the source of energy for the storage cell, 
and for the operation of the different forms of main line apparatus, 
the need arises for a brief statement of the principles underlying 
its construction. In so doing, some words and phrases not hitherto 




Fig. 16. 

used come into view; and a definition of them, in connection with 
familiar forms, is first in order. 

The cores in the electromagnet of the sounder, as the stu- 
dent knows, attract the armature. The free ends of the cores 
are the poles; and if a penknife is placed near, it is drawn 
towards the core with a force that increases as the distance 
lessens. Similarly, if a small piece of metal is held near the 
poles of a toy magnet in the horseshoe form, the attraction is 
marked. The space between the poles alike of the electro- 
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magnet and the toy magnet seems full of invisible stresses whose 
mechanical effect is like that of thousands of stretched rub- 
ber threads which tend constantly to contract. These stresses are 
called lines of force; and the space in which their influence is felt 
is called the field of force. Tliese lines are inseparable from every 
form of magnet, permanent or electro; in the case of the earth, 
which is itself a great magnet, their effects are seen in the action 
of the magnetic needle placing itsi^lf parallel to the lines of force 
between the north and south poles; in the case of an ordinary mag- 
net, the lines seem to appropriate 
to themselves any material which 
will shorten their journey through 
the air space; and, if the piece of 
metal is free to move, the lines 
tend to place it in the position 
which will shorten their pathway 
the most. Another, and the most 
common, name for the space oc- 
cupied by the lines of force is the 
magnetic field. It is graphically 




shown in Fig. 16 in which is 



Fig. 17. 



represented also the simplest form 

of dynamo. The arrows represent the lines of force between the 
magnetic poles; and, revolving therein, is shown a single conductor 
cutting the lines of force at right angles. Now comes the prin- 
ciple which underlies the generation of the electric current by means 
of the dynamo: If a closed conductor is rapidly revolved in a mag- 
netic field an electric current is set up in the conductor. The 
collector rings and brushes conduct to the outside circuit the cur- 
rent thus generated. 

In Fig. 17 there is shown in outline form a simple dynamo; 
the yoke Y connects the field pieces FF, upon which are wound 
the field coils; the latter is charged by an external current in the 
direction of the arrows. In an intense magnetic field, between the 
pole pieces N and S, is the armature. It is made np of the core 
and a complete circle of conductors like the one shown in Fig. 10; 
a large number of conductors being needed to generate a contin- 
uous current. The conductors are made to tenninate in a series 
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of strips separated by insulating material, and bound together in 
a cylinder to form the commutator marked C ; the collecting brushes 
BB correspond to the copper and zinc poles of a voltaic cell. 

A gas or steam engine is usually the motive power for a dynamo; 
a common tyjie is shown in Fig. 18 with the belt pulley at the 
left; in this form it illustrates the definition of a dynamo given in 
the text books as "a machine for converting mechanical energy 
applied at the pulley into electrical energy given off at the 
brushes." 




V\g. 18. 

One use of the machine, namely, to furnish current for a sys- 
tem of local instruments, is illustrated in Fig. 1-i, but its more 
important function in telegraphy is the supply of the current for 
the main lines. The different circuits to be supplied may vary in 
, length from 50 to 500 miles; and, as nearly the same quantity of 
current — say ^^g- of an ampere — is required in each case, the volt- 
age, or pressure, must vary accordingly. 

A series of dynamos connected together upon the same prin- 
ciple as a series of cells in a battery is outlined in Fig. 19, showing 
how this may be done. One terminal of machine A is grounded, 
and from the connecting points of the brushes the wires 1, 2, 3, 4, 
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and 5 are led to the horizontal rows of discs on the terminal switch- 
board. In practice they are commonly made a part of the larger 
board similar to that shown in Fig. 9; but, for the sake of clear- 
ness, it is represented here as distinct. Each vertical bar repre- 
sents a main line wire; the horizontal lines are rows of discs to 
which are connected the wires carrying the current for distribu- 
tion. In Fig. 19 wire 1, connected to one of the disc rows, fur- 
nishes 70 volts (the voltage of a Grove cell is about 1.5); wire 2, 
140 volts; 3, 200 volts; 4, 260 volts; 5, 325 volts. It is neces- 
sary only to connect, with a peg, a disc and bar to supply any wire 
with any desired voltage. A plant of the capacity indicated in 
the diagram can be made to furnish current for 1,000 lines, yet its 
compactness is such that it may be installed in a small room. 
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The advantages of the dynamo over the voltaic cell are: 

(1) Its low internal resistance making possible the supply of so 
many wires. 

(2) Economy in maintenance. 

(3) Tlie space occupied is much less. 

(4) It does away with the unhealthy conditions of a fume-laden 
battery room. 

The Open Circuit System. Before dealing with the topic of 
Single-Line Repeaters, let us discuss a system much used in Eng- 
land, known as the "open circuit", as distinguished from the one 
in general use in the United States, Canada, and Mexico, described 
in connection with Fig. 6, Part I. This is known as the "closed 
circuit", in which the circuit is first broken by opening the key 
switch as described, and the signals are transmitted in the manner 
now familiar to the student. The open circuit system is illustrated 
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in Fig. 20; in it may be noted the difference in the connections of 
the key as compared with those of the American system. In the 
latter, as may be seen by reference to Fig. 6, Part I, the battery, 
key, and relay coils are in series; in the former, the ground con- 
nection divides, one branch passing through the relay coils to a 
point in the base of the key against which the lever carrying the 
main line normally rests. The other branch connects the battery 
to a different point of the base. It may be seen from the diagram 
that when both keys are making contact with the backstop there is 
no current on the line, and the relays are open. Depress one of 
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the keys and the current, passing directly to the line, closes the 
relay at the distant station. 

In this arrangement there are two advantages over the Ameri- 
can, or closed circuit, system : 

(1) The battery is in use only when signals are transmitted. 

(2) By the cutting out of the relay at the sending station the resist- 
ance of the circuit is reduced. 

The disadvantages are: 

(1) The operator hears his own sending on the key only. 

(2) Tlie system does not admit the cutting in of intermediate 
stations. 

The closed circuit arrangement allows as many as twenty -five 
or thirty olHces between terminals; and the batteries, placed one 
at each end of the line, are more likely to receive skilled attention. 
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5INQLE-LINE REPEATERS. 

In the junction station, or town office, we now have in mind 
a set, or sets, of repeaters — an important feature in the equip- 
ment, and the one next to be considered. The limit of the Morse 
single line, in good weather, is ordinarily about 450 miles; it is 
one-half or one-third of that in rainy spells when extra repeaters 
are cut in. The repeater is a means by which the relay at a dis- 
tant terminal of one circuit is made to operate a key in a second 
circuit. The distant relay of the second circuit may operate a key 
in a third; and so on. The circuit of say 1,500 miles has thus the 
advantage of batteries at needed intervals; the distance between 
repeaters being determined by the conditions already indicated; 
and it has not been found expedient to exceed very much the dis- 
tance first given. 

There are many different forms of repeaters; and from among 
the score or more that have been in use at different times selection 
is made of the three commonly regarded as the best — the Milliken, 
Atkinson, and Weiny-Phillips. The same result is attained in 
each, but by somewhat different means; all three are of the auto- 
matic class — so called because they permit the terminals to break 
without the aid of an attendant. 

Fig. 21 shows the Milliken repeater in theory. It consists of two 
relays of special construction, two transmitters, two main batteries, 
M B, a pair of local batteries, L and L', and a pair of extra locals. 
Tracing the connections of the local batteries, they are found to be 
wired through the local points of relays E and W, one for each; 
and through the coils of transmitters T and T'. The extra locals 
are wired through the back contacts of transmitters T and T'; and 
in the same circuit are the coils E' and W. In the construction 
of the relay the peculiarity is that, in combination with the electro- 
magnet and upright armature of the ordinary relay, there is an extra 
magnet with a pendent, or hanging armature marked P in one and 
P' in the other. Each one is so placed that, when released from its 
magnet, the tension of a spring forces it against the upright arma- 
ture and holds the local points closed. To aid the student in 
tracing out the different connections the extra local circuits are 
marked by dot and daeh lines; the local circuits by dotted lines; 
the main lines are in full lines. The wires marked East and West 
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are supposed to extend in each direction to terminals, it may be, 
400 miles distant. When the circuits are at rest, the armatures 
of the instruments are attracted by their respective cores, and are 
said to be closed. 

Recall now the definition of a repeater, and notice in the 
description to follow how the transmitter in the East set acts as a 
key in the West wire, and vice versa. Suppose the distant East 
station opens and writes; the operator opens the local points of 
relay E, and this opens transmitter T; through its tongue and 
post passes the West wire, and it, therefore, is opened. The open- 
ing of the West wire should open relay W and transmitter T'; and 
the opening of transmitter T' would open the East wire which 
passes through its tongue and post. But the opening of the East 
wire when the distant East is sending is just what the repeater is 
intended to prevent. When transmitter T opens, the extra mag- 
net W', held closed by battery h through the back points of the 
transmitter, also opens; the pendent armature P is released, falls 
back, and holds closed, by the tension of its spring, the upright 
armature of electromagnet W. This prevents the opening of 
transmitter T'; and the East wire is not allowed to open in the 
latter instrument. Transmitter T' can be opened only by opening 
a key in the West wire, either at the repeater (key not shown in 
diagram) or, normally, at the distant West station. • 

When the distant West writes, the action begins with the 
West relay W the same course as that just described; in this case' 
the pendent armature P' holds closed the transmittter T, and the 
West wire passing through its tongue and post. 

The Atkinson Repeater. Probably the best of all the re- 
peaters in general use is the Atkinson, the theory of which is shown 
in Fig. 22. The apparatus consists of two relays of the common 
type, two transmitters, two main batteries, a pair of local, and an- 
other pair of extra local, batteries. The local batteries belong to 
circuits which, it will be noticed, are marked one with dots, the 
other with dots and dashes, the same as in the Milliken repeater. 
On the East set the battery is marked MB, relay E, extra sounder 
E' (operated by battery 7/), and transmitter T; the West set is 
lettered to correspond. The wires marked East and West extend, 
of course, in each direction to distant terminals. Suppose the dis- 
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tant East opens his key; he thereby opens in rapid succession relay 
E and transmitter T, which, in turn opens the West wire and relay 
W. The opening of the local points of the latter instrument would 
ordinarily open transmitter T, and therefore the East wire which 
passes through the tongue and post of transmitter T'. But here 
again the opening of the East wire, when the East side is sending, 
is prevented by a device characteristic of this repeater. When 
transmitter T opens, the current passing through Wis broken; 
the armature of W' is released and, falling against the backstop, it 
bridges the points of relay W, so that transmitter T' is held closed 
and, with it, the East wire. As in the Milliken, transmitter T' can 
only be opened by opening the key on the West wire either at the 
repeater or, normally, at the distant West station. 

When the latter opens his key the action begins, as already de- 
scribed, with the West relay W and follows precisely the same order, 
in the latter case the magnet E' holds closed transmitter T. Notice 
that, in describing the action of this repeater, the language used is 
very similar to that employed in connection with the Milliken. 

These two forms of repeater afford illustration sufficient for a 
good understanding of the principle; one more kind is added be- 
cause, up to a recent date it was in general use by one of the large 
telegraph companies; and, more especially, because its construc- 
tion involves the principle of differentiation in magnet coils which 
plays so important a part in duplex telegraphy. A description 
therefore forms a convenient stepping stone to the subject of mul- 
tiplex work, which opens up a new and interesting field. 

A theoretical diagram of the Weiny-Philllps repeater is 
shown in Fig. 23. As in the Milliken, there are three distinct 
sets of circuits in duplicate; that is, one set represents the East 
the other the West side of the apparatus; and in all three diagrams. 
Figs. 21, 22, and 23, the parts performing like functions are sim- 
ilarly outlined and lettered. The connections of the main line 
(full line), and of the local (dotted) circuits are identical with those 
of the Milliken. But, instead of the extra magnets E' and W' and 
the pendent armatures P and P* of the repeater last named, there 
is a device which effects the same end; and, for the reason already 
indicated, it requires some attention because of the new principle 
involved. 
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In E' and W we have an iron shell enclosing a straight iron 
core and its winding. The combination of shell and core performs 
the same functions as the parallel cores in the common type of 
relay. Trace the wire from battery h to the core W; at a point 
jnst above the core the circuit splits; one part winds round the 
core to the left, and goes to the middle point of the lever of the 
transmitter; thence back to the zinc pole of battery h. The other 
part goes to the right, and back to transmitter T at the under-stop 
of the lever. Each division of the magnet coil contains the same 
number of turns of wire round core W. When transmitter T is 
closed, since the lever makes contact with the under-stop, the cur- 
rent from battery h traverses the coils of core W in opposite direc- 
tions; the result being that no magnetic pull is produced in the 
core. But note the effect when transmitter T is open. One of the 
circuits that passes round the core is open; the neutralization of 
the current in the other division of the circuit is impossible; the 
core at once becomes an electromagnet capable of holding the 
armature at the needed moment. A winding of this kind allows 
the core to be energized by the difference in the strength of the 
currents in the two divisions; such a core is said to be differentially 
wound. If currents equal in quantity pass round the coils of core 
W in opposite directions, their magnetic effects are nil; if the 
currents are unequal, or if one current is nothing and the other any 
given quantity, the core is energized and will attract its armature. 

Notice now the operation of this repeater, in effect identical 
with that of the others. The distant East station opens his key; 
this opens relay E, then transmitter T, the opening of which opens 
the West wire passing through the points of transmitter T. The 
opening of the West wire would open relay W, transmitter T', and 
therefore the East wire which passes through its points. The last 
opening is the one the repeater is planned to avert. When trans- 
mitter T opens, one circuit round the core of W' is opened; the 
core is energized and holds the armature of relay W closed, so that 
transmitter T', through whose points passes the East wire, does 
not open. 

When the distant West breaks and sends, the same action be- 
gins with the West relay and follows the same course. The dis- 
tant East and West can then work with one another through the 
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repeater, and have the benefit of the main line batteries at the 
repeating station. This is the sole purpose of a repeater; in every 
other respect it is a disadvantage, introducing in a circuit two sets 
of apparatus which need careful adjustment and considerable at- 
tention. 

MULTIPLEX TELEQRAPHY. 

The Stearns Duplex. In the description of the Weiny- 
Phillips repeater, the differential winding of a single core was 
illustrated; and the fact explained that such a magnet is operated 
by the difference in the strengths of the currents passing through 
the coils. If the two cores of a single-line instrument -are wound 
in the manner described, we have a form of relay known as the 




Stearns differential; with this and a few accessories a line can be 
made to carry signals in op|)Osite directions at the same time. In 
other words, the wire can be duplexed; and the theory of it can be 
explained and understood from the diagram, Fig. 24, in which the 
apparatus and connections for both terminals are shown. D R 
and jy II' are the differential relays; the gap between them is sup- 
posed to be bridged by the main-line wire, which may be 450 or 
500 miles long. 

In addition to the relays and batteries, the essentials for each 
terminal are a transmitter, rheostat, some resistance coils, and a 
condenser. Each of these may be seen in its place in the diagram; 
the rheostat marked in full, the others with the first letter of the 
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name; the local circuits for the relays are not shown. One pole 
of each battery is grounded ; the other makes contact with the post 
P of the transmitter; and, as the sets are duplicates, one only needs 
to be described. 

The lever of transmitter T makes contact with the ground 
through a coil c r, which compensates for the internal resistance 
of the battery, making the resistance of the circuit the same whether 
the transmitter is closed or open. The lever carries, on an insu- 
lating pedestal, a spring or tongue ^, to which is attached the line 
wire; it makes contact with the post P (battery) when the trans- 
mitter is closed, and with the lever (ground) when the transmitter 
is open. This instrument is seen to be a device for transferring 
the line wire from the battery to the ground contact without inter-, 
rupting the circuit; and it is operated, ks shown, by means of a 
key in a local circuit. The line wire can be traced from the 
tongue t to the point of division — technically known as "the split"; 
the little semicircle in the diagram indicates in every case no con- 
nection with the wire underneath; each division of the circuit 
passes through two spools of the relay; one branches off to the 
main line, the other through the rheostat to the ground. By 
way of introduction to the appaititus last named, take the case 
of a motorman of a trolley car in motion. His left hand con- 
trols a radial arm surmounting a box which extends down to 
the platform, and contains a number of lengths of coiled wire 
through which the current passes on its way from the trolley wire to 
the motor. Every move of the radial arm in one direction or the 
other means more or less of current, and therefore more or less of 
speed in the motor. The coils resist the passage of the current, and 
the box is therefore a current retarder, or rheostat, which is the 
same thing. In a similar manner, either by a radial arm or, more 
commonly in a duplex, by means of pegs making contact between 
discs in which the resistance coils terminate, the current may be 
regulated in the circuit of which the set of coils marked "rheostat" 
is a part; that portion of the circuit from the point of division to 
the ground being called the artificial line. 

The purpose of the rheostat is to divide the current passing 
through the relay coils equally between the main and artificial 
lines; and, as already intimated in connection with the repeater. 
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this can be done by making the resistance in the rheostat equal to 
that of the 450 or 500 miles of wire in the main line — anywhere 
from 5,000 to 10,000 ohms. When this condition is established 
it does not matter, within working limits, what the size of battery 
is; the current will pass through the relay with no appreciable 
magnetic effect upon it; and the duplex is said to be "balanced". 

How to Balance. Suppose the terminals to be provided with 
duplex sets and batteries as shown in the diagram, and a main line 
connecting them. First approximate the balance by pegging the 
rheostat to 5,000 or 6,000 ohms in clear weather for a line 450 
miles long. Ask the distant office to "open". Notice in connec- 
tion with transmitter T' that this opening grounds the wire at the 
distant end. There is now no battery on the line but your own; 
lower the tension on the spring 8 p and, by means of the pegs, 
vary the resistance in the rheostat (the home key being closed) 
until the cores of the relay show no appreciable attraction for the 
armature. This done, open and close the key a number of times; 
a slight click of the sounder with each movement of the key will 
probably be heard — an effect which it is necessary to eliminate. 
It is with the dynamic, or current, form that, up to this time, we 
have been dealing; but the falsfe signal just mentioned in connec- 
tion with the duplex brings to notice, for the first time, electricity 
in the form of charges upon the wire, and therefore called static. 
It presents itself as a disturbing element in connection with duplex 
work; and the remedy for it is a movement in the artificial line 
round the relay coils in a direction opposite to that which causes 
the ' kick'; the means for producing it is the apparatus in Fig. 24 
marked C, for condenser. 

For a statement of what static electricity is, and certain forms 
of the condenser, see " Elements of Electricity". In the diagram, 
the lines represent sheets of tin foil; the spaces mica, paraffined 
paper, or some insulating material; one set of the sheets makes 
connection with the line; alternating with them, as shown, is 
another set which makes contact with the ground. Tlie sheets, 
with the insulating material, are enclosed in a box, and the con- 
nections mentioned are made in one case by means of a bar, and in 
the other by means of a set of discs so placed that, with a few pegs, 
the number of sheets in actual use can be varied; and, by means 
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of an adjustable set of coils 7% the charge and discharge can be 
assimilated to that of the main line. 

On the condensers commonly used in telegraphy the discs are 
usually five in number, and are marked 40, 32, 16, 8, 4 to denote 
the percentage of tin-foil area connected to the disc. If pegs are 
inserted uniting the bar with discs marked 4, 16, and 40, 60 per 
cent of the capacity is in use, and the charge and discharge will be 
in just that proportion. A condenser usually bears a stamp as 
2.5 M F, or 3 M F. The M F stands for micro-farad, which is the 
practical unit of capacity; and is about equal to that of three miles 
of an Atlantic cable. 

With the duplex in operation there is, on the closing of the 
transmitter, a charge through each pair of relay coils and, on the 
opening of the transmitter, a discharge through each pair of relay 
coils the same in quantity and at the same instant; and in each 
case the movement in one pair of relay coils neutralizes that in 
the other. 

When the "kick" has been cleared, the distant station is 
asked to write; and it will be found that the outgoing signals do 
not interfere with the incoming, because the duplex has had a 
static, in addition to its fir&t, or ohmic, balance. The distant 
station then goes through with the same process, and the sets are 
ready for service. 

All the accessories having been described, it remains to trace 
in detail the effects of the currents on the relays in every position 
possible to the transmitters. In the diagram, on the left, the bat- 
tery has zinc to the post and copper to the ground; at the other 
terminal, on the right, copper is to the post and zinc to the ground. 
The duplex would work if the batteries had like poles to the line; 
but we shall consider them in the manner shown. In operation, 
four conditions are possible, and they may be tabulated as follows: 



T closed 
T open 
T closed 
T open 



G 
G 



to line 



T' closed 
T' closed 
T' open 
T' open 



to line 



D' R' closed 
D' R' open 
D' R' closed 
D' R' open 



DR closed 
I)R closed 
BR open 
DR open 



It will appear from this that the differential relay at one ter- 
minal obeys the transmitter at the other. We shall see how this 
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works out in practice. A line 450 miles long usually has a voltage 
of at least 150 at each terminal; and, as only 25 cells are represented 
in the diagram, each cell must be supposed to represent 6 volts. 

First, when T and T' are closed; the batteries unite their 
energies, giving on the main line a current of ^\ ampere, or 40 
milliamperes. On the artificial line, in the relay coils at each ter- 
minal, there is a current from the battery at that terminal through 
a resistance in the rheostat equal to that of the line, say 20 milli- 
amperes, because the voltage in each case is only one-half that of 
the united batteries on the main line. In the coils of each relay 
there is a difference of 20 ma and both remain closed. 

Next, open transmitter T. The battery at the left is cut off, and 
the line is grounded through a compensating resistance C R equal 
to the internal resistance of the battery. On the artificial line in 
relay DK there is no current; on the main line there is a current 
of 20 ma from the distant battery; relay D R remains closed. On 
the artificial line in relay D' R' there is a current of 20 ma which 
neutralizes the current of 20 ma on the main line, and the relay 
D'R' opens; in other words, it obeys transmitter T. 

Next, close transmitter T and open T'. This is the phase 
shown in the diagram, and it should be traced with special care. 
The line is now grounded through the tongue t' and lever of T* on 
the right; and the only current on the wire is from the battery at the 
other end. At the terminal where T' is there is no current on the 
artificial line, and the current of 20 ma on the main line closes 
the relay D' R'. But at the other terminal, where T is, the cur- 
rent in the coils of the artificial line neutralizes the current on the 
main line, and the relay D R opens; in other words, it obeys trans- 
mitter T'. 

Lastly, when both transmitters are open. The battery at each 
terminal is off; there is no current in either the main or artificial 
line at either terminal, and the relays stand open. In this way are 
verified the results set down in the table; the relay in each case is 
unresponsive to the home instrument, but responsive to the distant 
transmitter; and signalling in opposite directions at the same time 
is practicable. 

In explanation of the part played by the condenser in the 
long distance duplex, it may be said that when current flows in a 
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wire, a jx)rtioD of it collects and becomes static on the conducting 
material; and it will discharge instantly in any direction a path 
offers. In duplex work, the transmitter makes a line contact first 
with the battery, then with the ground; the conditions are present 
for a static charge and discharge of the wire; and the extent to 
which it is capable of these effects is called its electro-static ca- 
pacity. On short lines it is small; so that, in the duplexing of 
such wires, the *kick' is not noticeable; but there is a difference 
between a main line wire 450 miles in length, and the fine wire 
with which the coils of the rheostat are wound. So far as resist- 
auce to the current is concerned, the coils in the box are capable 
of reproducing exactly the conditions on the wire; but the main 
line wire has electro-static capacity; the fine wire of the rheostat 
coils has not. The initial charge in the line, therefore, will not, 
unless the condenser is used, be offset by an opposite movement in 
the artificial line; nor, at the termination of the signal, when the 
line is moved from the battery to the ground, will the discharge 
be offset by an opposite movement in the artificial line. A form 
of duplex was invented in Germany, and known in America as 
early as 1855; but it was worked only on comparatively short 
lines. The duplexing of long lines by the aid of the condenser 
was made practical in 1872; and the credit is due to Joseph B. 
Stearns of Boston. His was one of the notable achievements in 
the history of telegraphy, for by means of it the value of most of 
the wires of the telegraph companies was doubled at a stroke. 

In the diagram. Fig. 24, there is indicated a connection from 
each transmitter through a coil cr to the ground at J. Before 
leaving the subject of the Stearns duplex, it is proposed to make 
a change in this circuit, and note results with a view to future 
reference and use. In each circuit move the wire from the point 
J to the point J'. When the transmitters are closed ihecr cir- 
cuits are open, so that the change to V makes no difference on the 
line; but when a transmitter is open, the line has in circuit about 
one-third of the battery before it reaches the ground. Under these 
conditions, instead of the main and artificial lines being free of cur- 
rent, there would be on the main line coils in each relay, say 16 ma 
of current; and opposed to it in the artificial line coils about 8 ma. 
The difference (8 ma) would be sufficient to close the relays; but, 
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according to the four-phase table, when the transmitters are open 
the relays should be open. Under these conditions, to open the 
relays it would be necessary to increase the tension on the arma- 
ture spring. Now, if for any reason, we wish to maintain a weak 
current always on the line we could use for the purpose a por- 
tion of the battery, and counteract the effects of it by giving the 
spring sp sufficient tension to overcome the magnetism induced 
by the weak current; or, as the operators express it, the relay can 
be "turned up" above the weak current. This done, the opera- 
tion of the duplex can be carried on as usual; the only difference 
is that the springs of the relays have tension sufficient to make 
them unresponsive to the weak currents. It is possible, therefore, 
to work a duplex of the Stearns pattern when the connections are 
such that the movement of each transmitter sends alternately to 
the line the whole battery and only one-third of it. This state- 
ment made, let us leave it for the present. It will be fitted into its 
place later, when we come to deal with the quadruplex in connec- 
tion with which the statement just made plays an important part. 

It remains only to gather up the terms and phrases used in 
describing the duplex; from this time on they must be a part of 
our vocabulary. We have had to do with the differential winding 
of a single core, the differential relay, main line, artificial line, 
rheostat, compensating resistance, transmitter, condenser, retarda- 
tion coils marked r/', internal resistance (usually of a battery), the 
split, the balance, tension (of a spring), the static and its kick, 
charge and discharge, electrostatic capacity. If the reader will 
note in the diagram, as far as possible, each object named, he 
should get a better idea of its theory and function than could be 
obtained from a definition. 

It thus appears that the characteristic instrument of the 
Stearns duplex is a relay, in appearance not very different from 
the ordinary relay of the single-line type; it can be constructed 
from it by a change in the winding from the simple to the differ- 
ential form as represented in the diagram. Fig. 24:. For the sake of 
simplicity all the thumbscrew connections, the front and back 
stop, and apparatus of the local circuit are omitted from the draw- 
ing; only the essential parts — the differential coils with the 
armature and spring — are shown. It will be noticed that the 
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main line has a number of turns around one core, then around the 
other; the same with the artificial line. In practice, the points 
where the main and artificial lines enter and leave the instrument 
are fitted with four thumbscrews; two more are provided for the 
local points — one making connection with the armature, and the 
other with the front stop — forming parts of a local circuit as in 
the ordinary single-line relay. These omitted parts will be sup- 
plied in Fig. 29; but in dealing with first principles the fewer the 
details the better. 

The Polar Duplex. In the same manner as we took the 
single-line relay and changed it to one of the differential type, so 
now it is proposed to take the latter, to make some changes in its 
construction; and, with a view to one more advance, to introduce 
a different form of armature and note the results. The yoke 
which, in the working instrument, joins the cores at the ends 
furthest from the armature is supposed to be removed; next take 
away the armature and turn end to end the cores that faced it, so 
that the coils, instead of lying parallel, are in a straight line. 
With a space of one-quarter or one-third inch between them they 
will present the appearance shown in Fig. 25, in which and Z, 
C and Z' represent the terminals of the coils; one core is marked 
D A, the other B E; and for observation the student is supposed 
to take up a position in the space between the cores. First, a cur- 
rent in the wire C Z encircles the core D A in a direction opposite 
to that of the hands of a clock, that is, from right to left, then it 
encircles the core B E in the direction of the hands of a clock, that 
is from left to right. If the student will imagine himself in place 
between the letters A and B he can readily understand this. 

Heretofore we have been content merely to state the fact of 
the attraction of a magnet for its armature; the point has now 
been reached where it is necessary to state the law of the formation 
of magnetic poles in cores around which a current is passing. In 
"Elements of Electricity" are shown magnets marked N and S; 
in the text relating to the same it is explained that N stands for 
north -seeking, S for south-seeking; and there is further stated the 
law that like poles repel, while unlike poles attract, each other. 
Reverting now to what was said of the passing of a current round 
a core, let us, for the sake of brevity, call the directions just men- 
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tioned anti-clockwise and clockwise. At the end of the core, at 
which one is looking "end on", magnetic poles are formed accord- 
ing to this law: When the current passes anti-clockwise N 
polarity is induced in the near end, S polarity in the far end; when 
the current passes clockwise, S polarity is induced in the near end, 
N polarity in the far end. In the instance shown in Fig. 25 in 
the line C Z, there will be formed at A and D, N and S poles 
respectively; at B and E, S and N poles respectively. There is 
therefore on one side of the space between the cores an N mag- 
netic pole; on the other side an S pole; it remains to provide 
something on which they may act. 




Fig. 25. 

In Fig. 26 let S be the end of a permanent magnet semicir- 
cular in shape; a strip of soft iron for an armature is so pivoted 
that it can move freely between the stops at the upper end. In 
the armature the induced poles are marked with the small letters 
n and «, in accordance with the principle stated in " Elements of 
Electricity". With no current in the wire C'Z', a current in the 
wire in the direction C to Z will induce, according to the clock 
rule, at A, N magnetism; at B, S magnetism. The N pole, ac- 
cording to a law already stated, attracts the 8 pole of the armature; 
the S pole repels it; the armature is strongly moved towards front 
stop F. The current ceases, let us suppose; but the armature has 
no spring, and its position remains unchanged until a current flows 
through the same wire in a direction from Z to C. Under its 
influence there is formed at B, an N pole; at A, a S pole; the 
effect on the 8 pole of the armature is to move it from the front to 
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the back stop. Every time the current changes its direction the 
armature changes its position from one stop tQ another; and we 
have di polar relay. It is one in which a magnetized armature is 
moved from point to point under the inlBuence of magnetic poles 
changing as the effect of changes in the direction of the current 
around the cores. 

One step more and we have a differential polar relay. In the 
diagram, Fig. 26 is an extra wire with a number of turns around 
each core. Its terminals are C Z'; but it is so wound that a cur- 
rent from C to Z' passes round the cores in a direction different 
from that in the line C to Z. The current from C passes first 




[33 

Pig. 26. 

clockwise, then an ti- clockwise around the cores; and from what 
has been said it is plain that if currents of equal strength flow in 
the wires C Z and C Z' they will induce at A and B magnetic poles 
such that they will neutralize each other; provided, of course, there 
is the same number of turns in each coil. The effect on the arma- 
ture will, in that case, be nil. But if the currents in C Z and C TI 
are not equal, the armature will obey the stronger current with a 
pull determined by the difference between the two. The result is 
a differential polar relay, by means of which that very perfect 
system of signalling in opposite directions — the polar duplex — is 
possible. The relay is made in different forms, but it consists 
essentially of a permanent magnet in which is pivoted a strip or 
tube of soft iron called the armature. This is placed between two 
cores around which are wound, in the manner shown in Fig. 26 
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two iodependent circuits. The windings terminate in four thumb- 
screws, with two more for the local points, making six thumbscrews 
for the polar relay. The spools may be wound in various ways; 




the wires may be laid side by side throughout the length of each 
core; or, as in the diagram, Fig. 27, in equal compartments sepa- 
rated by discs at right angles to the core. In the relays most com- 
monly used each division of a spool contains 2,400 turns of wire, 
and has a resistance of 200 ohms; so that, in each circuit there is in 
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the relay coils, a resistance of 400 ohms. This is equal to 42 miles 
(very nearly) of No. 6 iron wire, such as is commonly used in the 
construction of telegraph lines. 

A differential polar relay, then, is one whose armature, polar- 
ized by contact with a permanent magnet, is operated by the differ- 
ence in the strength of the currents, the direction of whose course 
is constantly- being changed. 

The instrument by which the direction of the current is 
reversed at will is called a ^;o7^ changer^ which, with the polar 
relay, the dynamos, lamps, and dynamo switch connected up, is 
shown in Fig. 27. These, with the rheostat and condenser described 
in connection with the Stearns apparatus, form a duplex set for one 
terminal. There is shown in the drawing one set for each ter- 
minal, and, for convenience in description, the left-hand station is 
called Pittsburg; the other Fort Wayne. Tlie latter, as compared 
with the former, shows a different arrangement of battery and pole 
changer, of which explanation will be made later on. The Pitts- 
burg pole changer is operated by means of electromagnets. These 
are part of a local circuit (not shown) and controlled by a key in 
the same way as the sounder in the learner's outfit. To the end 
posts of the pole changer are connected wires from dynamos sup- 
plying, let us suppose, a 200-volt current. It is made to pass 
through lamps and a switch; negative to the left, positive to the 
right. To the center lever of the switch is connected the main 
line. With the center bar of the switch to the left, connection is 
made with the lever of the pole changer, so that when the latter 
is closed a zinc current goes to the main line; when open, copper. 

The lamps are placed between the dynamo and pole changer so 
that in case of a short circuit, by the lever of the pole changer 
accidentally making contact with both posts, a resistance of 1,200 
ohms will be interposed until the short circuit can be broken and 
thus injury to the dynamo is prevented. The purpose of the 
dynamo switch is to provide means for readily cutting off the cur- 
rents from the pole changer when any cleaning of the points or 
adjustment is required, or in case of a short circuit through the 
lever. With the center bar of switch A turned to the right, the 
main line goes to the ground through a resistance equal to that of 
each lamp, or 600 ohms; it makes no difference, therefore, in the 
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resistance of the main line whether the center bar is to the left or 
to the right. From the switch the wire may be traced to the 
'split' near the polar relay. At this point, as in the Stearns 
duplex, the current divides; one-half of the Pittsburg battery pass- 
ing through two coils to the main line; the other half also through 
two coils to the rheostat, thence to the ground. The function of 
the rheostat, and its companion, the condenser, was explained in 
connection with the Stearns duplex; and it might be well to review 
that part of the text. 

How to Balance. First approximate the balance by pegging 
or unpegging the rheostat to about 5,000 ohms for a line 450 
miles long; in wet weather two-thirds of that. Ask the distant 
station — in this case. Fort Wayne — to ground; ground also at 
Pittsburg — the home station. Adjust, by means of the set screws, 
the armature of the polar relay so that it remains on one stop or 
the other as placed, or else vibrates freely under the influence of 
the slight current which the nearness of other wires on the poles 
may induce. Turn the switch from the ground to the pole 
changer connection. There is now on the wire no current of any 
account but your own; and the rheostat must now be so adjusted 
that the current from the home battery — in this case the Pittsburg 
— divides equally between the main and artificial lines. When it 
does this the armature of the home relay will vibrate freely as before. 

In other words, the home current has no effect on the arma- 
ture and the relay stands ready to respond to the current from the 
distant, or Fort Wayne, battery. Tell him to "cut in"; he does 
this by moving the lever of switch F from the right to the left- 
hand lower point; and when his key is closed your relay should 
close. Now, if you open and close your pole changer by means of 
your key the static "kick" will probably be noticed; and the 
remedy for it is the same as that described in connection with the 
Stearns duplex. This done, the "kick" disappears; the distant 
station writes, and it will be found that the signals sent from the 
home station by reversing the pole changer do not interfere with 
the incoming signals. Fort Wayne then asks you to ground and 
proceeds to balance his end; the duplex is then ready for service. 
In the hands of experts the operation of balancing both ways does 
not ordinarily require more than three minutes. 
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The rijrht hand, or Fort Wayne, terminal shows an arrange- 
ment of battery and pole changer in vogne for many years before 
the use of the dynamo current in telegraphy; and it still obtains 
in a few places where a machine current is not available. The 
diagram represents the combination of a chemical battery of say 
150 cells and the old-fashioned continuity-preserving, or clock- 
face, pole changer. The latter is retained here and described be- 
cause it is also as an essential part of the phonoplex — the topic 
with which this book deals last. 

In the diagram only the clock-face portion is shown; the part 
G', in the center, represents the end of a lever operated like that 
shown in the Pittsburg pole changer, making contact with the 
ground. The poles of the battery connect with two springs as 
shown; the latter with the point-bearing blocks, Q and R are 
suitably insulated frbm the supporting material which is usually 
of brass. Q and R are connected to each other and to the main 
line. The connections made when the lever is closed are shown in 
the diagram. The left-hand spring is grounded, lifting it up from 
Q; the right-hand spring is free from the ground, but is making 
contact between the line and the zinc pole of the battery. When 
the pole changer is open, the center block drops down; the line 
makes connection with copper; zinc goes to the ground. In both 
forms of pole changer the results are therefore the same — zinc 
to the line when closed; copper when open — and this is the rule 
for their arrangement in practice. Care must evidently be taken 
for the adjustment of the pole changer in either form. *' Clean 
and close" is the rule for placing of the points — as close, that is, 
as they can be worked without short-circuiting and sparking. Of 
pole changers and sounders alike the armatures must not be al- 
lowed to beat upon the magnets; to make sure they do not, a piece 
of paper should at times be passed between them. 

As in the Stearns duplex, the polar duplex in operation has 
combinations of current four in number; and a description of the 
latter will not be complete without giving in detail the reason for 
the response of the relays in each combination. In advanced 
telegraphy there is no instrument in more general use than the 
polar relay; the principles involved are everywhere used; and a 
thorough understanding of them is necessary to a mastery of the 
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more complex forms of apparatus and their latest applica- 
tions. The changes in magnetic poles, as the result of changes in 
the direction of the current, will occupy our attention now; but 
before entering upon this we must consider the conditions which 
determine the direction of the current. 

Much has been said about positive and negative currents, and 
the signs + and — are conventionally used to represent them; 
but these terms are not meant to convey the idea of strong and 
weak; a negative current may be strong or weak the same as a 
positive. In surveying it is convenient to consider "sea level" as 
a zero point from which to measure heights or depths, so in elec- 
trical potential the earth is taken as' a neutral point and arbitrarily 
called zero; a current flowing into it is called positive; a current 
flowing from it, negative. If this seems unsatisfactory, perhaps 
an analogy may help us. Suppose we regard the air at rest as 
zero. Confine a rotating fan within a closed iron frame with a 
single tubular opening. Revolve the fan and, at the opening, a 
pressure will at once be felt of say 50 pounds to the inch. A few 
feet away the pressure will be 25; further away 15; and so on 
until no disturbance of the air is felt; the pressure is practically 
zero. Reverse the direction of the fan's motion so that instead of 
pressure outward there is suction inward, and at like distances 
effects like those just mentioned will be felt, but in an opposite 
sense. At the opening the suction is 50; whereas before there was 
an outward pressure of 50. In the one case we have the air at 
rest, the pressure, and the suction; these have their electrical anal- 
ogies in the earth considered as zero potential; the positive cur- 
rent, which always sets towards the earth; and the negative, which 
always sets from it. The common direction of a thunderbolt is 
from a cloud to the earth, in this case the cloud must be posi- 
tively charged; but instances have occurred where th^ direction of 
the bolt wap from the earth to the cloud; in which C9,se the cloud 
was negatively charged. In other words, and for the present pur- 
pose, the direction of the current is always + to zero, + to — , and 
zero to — ; or, as stated, always from the higher potential to the 
lower. It is taken for granted that the same amount of current is 
supplied to the line at each terminal; in a duplex circuit 400 or 
450 miles in length this is generally 150 or 200 volts. With these 
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statements in mind the investigation of the combinations possible 
in duplex telegraphy may be taken up. 



Pgh key. 


To line. 


FtW relay. 


FtW key. 


To line. 


Pgh relay. 


1 Closed 


— 


Closed 


Closed 


— 


Closed 


2 Open 


+ 


Open 


Closed 


— 


Closed 


3 Closed 




Closed 


Open 


+ 


Open 


4 Open 


+ 


Open 


Open 


+ 


Open 



In phases 1 and 4, the two stations present like poles to the 
main line; in phases 2 and 3 unlike poles. 

Combination^ orjpJicue 1. Pole changers at terminals closed; 
zinc to the main line. In the diagram, the main line is solid 
black; the artificial line is dotted. With like poles of equal 
strength to the main line there is no current on the solid black 
line. Under these conditions on the artificial (dotted) line a cur- 
rent sets in from the ground through the rheostat, along the dotted 
line, through the pole changer to the zinc ( — ) of the dynamo in 
accordance with the law just stated. In the Pittsburg relay it 
forms first an N magnetic pole on the end of the core at M; then 
an S pole at O. If we enclose an N thus N to represent the 
polarity of the Pittsburg armature, the magnetic conditions may 

n 
be graphically represented: N closing the relay in accordance 

8 

with the law that like poles repel, unlike poles attract each other. 
Similarly, at the Fort Wayne end, by means of a current from the 
ground to the zinc of the battery the magnetic conditions are: 

8 

S also closing the relay. 
n 

Combination 2 shows Pittsburg +> Fort Wayne — to line; 
current direction on the main line is from Pittsburg to Fort 
Wayne. On Pittsburg artificial (dotted) line, current is from + 
to ground through the rheostat; on Fort Wayne artificial line it is 
from ground through the rheostat to — of the battery, the same 
as in combination 1. But the current on the main line is twice 
that on either of the artificial lines; because in the former case 
the current is from + to — , while in the latter case it is from + 
to ground at one terminal and from ground to — at the other. 
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The magnetic poles induced in the cores by the current on the main 
line are therefore twice as strong as those induced in the cores by 
the current on the artificial line. If we represent the magnetism 
induced by the main line current by a capital, and that induced 
by the artificial line current by a small letter, and indicate the 
polarity of the armature as before, the magnetic conditions in 

N« 
the Pittsburg relay may be typographically represented thus: N 

nS 
the stronger poles closing the relay; in the Fort Wayne relay 

S the stronger poles opening the relay. 
8^ 

Combination 3. Pittsburg — to line; Fort Wayne + to 
line. Current in opposite direction to that in combination 2; but 
on main line twice as strong as on either artificial line; in the 

Sn 
Pittsburg relay the conditions are N opening it; in the Fort 

Wayne relay S closing it. 

Combination 4. + to the main line at each end; no current 
on the main line; relays actuated as in combination l.by current 

8 

in artificial line; in Pittsburg relay N opening it; in Fort Wayne 

n 
n 
relay S also opening it. The Fort Wayne relay might have an N 

8 

armature the same as Pittsburg, but it was purposely made differ- 
ent to aiford exercise in tracing out the effect of the current. 

The student should now be master of at least the theory of 
the two forms of the duplex — the original Stearns and the later 
and more perfect polar. The former came into general use in 
1872, the latter about 1880. In making comparison between the 
two it can be seen that the superiority of the polar duplex lies in the 
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relay whose action is determined, not, as in the Stearns, by a cur- 
rent attracting the armature in one direction and a spring drawing 
it in the other, but by a current directing its movement first to 
the front then to the back stop. This makes the polar duplex 
almost independent of weather conditions. The occasions are rare, 
the relay being so sensitive, when sufficient current does not get 
past the escape to record the signals. The resistance of 450 or- 
500 miles of No. 6 gauge iron wire is, in dry weather, about 5,000 
ohms; in damp or rainy weather this is often reduced to two-thirds, 
or even one-half. This is a good point to remember in adjusting 
the rheostat to get into communication initially with a distant 
station before the correct balance is taken. Less condenser, also, 
is needed in moist weather than in dry, because a part, sometimes 
nearly all, of the static charge escapes into the moist air. 

With a clear wire and apparatus in good condition, the polar 
duplex is a well-nigh perfect instrument capable of a speed, when 
working the Morse system, equal to that of the fastest typewriter; 
and when operated by the Wheatstone Automatic system it has 
attained a speed of 250 words a minute each way — nearly ten 
times as fast as the ordinary speed by hand. 

THE QUADRUPLEX. 

The quadruplex — among telegraphers known always as the 
quad — permits the exchange of four messages at the same time; 
two in each direction. In the diagram, Fig. 28, presenting the 
theory of the quad, there is much that will seem familiar to the 
student; the text has been so arranged and the drawings so made 
as to give the impression of previous acquaintance. The neutral 
relays are a reproduction of the instruments made prominent in the 
Stearns duplex; the polar relays are those which we have just studied 
in the polar duplex. The rheostats — the same in principle as those 
already shown — are represented by a simple coil ; and, shunting each', 
is the now familiar condenser, H and J, each with its retardation 
coil Mc. The batteries and pole changers are a reproduction of 
those shown in connection with the polar duplex. 

At the left hand, or Pittsburg, end the dynamo switch has 
been omitted for the sake of simplicity; everything, in fact, has 
been left out except the parts needed to illustrate the fundamental 
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principles on which the quad is arranged. The details which 
make the quad appear so complicated can be filled in later. Li 
the diagram the one new feature is the introduction at each end of 
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a transmitter in combination with the pole changer; at the Pitts- 
burg end it is between the pole changer and the split; at the Fort 
Wayne end between the battery and the pole changer. 
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We have seen that it is the function of the pole changer to 
alter the direction of the current; it is the function of a trans- 
mitter, like those shown in Fig. 28, to alter the strength of the 
current within certain well-defined limits. Now the pole changers 
are evidently in position for the purpose of operating the polar 
relays; the transmitters can therefore be in place only to operate 
the neutral relays. The instruments heretofore designated as polar 
and neutral are also called' polar and common; the sides on which 
they are worked are sometimes called by the numbers 1 and 2, and 
sometimes by the letters A and B. 

From what has been said, the student may already have in- 
ferred that a neutral relay is one operated by the strength of the 
current without reference to its direction; he knows that a polar 
relay is operated by the direction of the current without reference, 
within reasonable limits, to its strength; and in the combination 
of these two principles lies the theory of the quad, as it is com- 
monly known. There are other forms of the quad; but our present 
business is with the one still in general use. 

The student is now asked to recall and review an experiment 
made in connection with the. Stearns duplex, and intended for 
introduction at this point. It was made clear that, by the simple 
expedient of " turning up" on the relay spring, the Stearns duplex 
could be operated even when a weak current remained continu- 
ously on the main line; or, as it was expressed in a former para- 
graph, "If, for any reason, we desired to maintain a weak current 
on the line, we could use therefor a portion of the battery and 
counteract the effects of the weak portion by giving the spring 
suflScient tension to overcome the magnetism induced by it." 
The need has now arisen for maintaining at least a portion of 
the current continuously on the line; and the reason for it is 
that changes in the direction of a comparatively weak current 
will operate a pojar relay as readily as the reversals of a current 
three or four times as strong. The neutral relay can be made 
unresponsive to the weak current, but responsive to a strong cur- 
rent without reference to its direction; in other words, the quad- 
ruple is merely a combination of the Stearns duplex, in a form 
modified as shown in the text, with the polar duplex. It re- 
mains only to explain some details of the combination. 
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The operation of the pole changer at the right, or P'ort Wayne, 
end is identical with that described in connection with the polar 
duplex; but it will be noticed that the battery and transmitter 
connections are such that it depends on the opening and closing 
of the transmitter whether a third or the whole of the current 
is admitted to the reversing process. If the transmitter is open, 
as shown in the diagram, that portion of the battery between the 
two coils — nearly two- thirds of the whole — is "dead*'; the other 
third (called the short end) is admitted to the pole changer through 
the lever and tongue of the transmitter. In the diagram the Fort 
Wayne pole changer is open; through the tap wire the copper of 
the "short end" is to the main line, and zinc to the ground. This 
position of the Fort Wayne pole changer opens the Pittsburg polar 
relay; the Pittsburg neutral relay too is 0{)en, because the short end 
only of the Fort Wayne battery is to the line and the spring of the 
relay is " turned up'' above it. Close the Fort Wayne pole changer; 
now, at Fort Wayne, zinc is to the line, and short end copper to 
the ground; the Pittsburg polar relay closes in accordance with a 
change in the direction of the current; but the Pittsburg neutral 
relay remains open, and will not close until the Fort Wayne trans- 
mitter closes and admits the entire battery to the main line. In 
closing the transmitter the tongue breaks its connection with the 
lever and makes connection with the left-hand post so that the 
whole battery goes to the line. 

The placing of the tap wire, as shown in the drawing, effects 
what is called the proportioning of the current; the proportion is 
usually 3 to 1, but can be made 4 to 1; that is, the transmitter, 
when closed, admits four times as much current to the line as 
when open. 

At the Pittsburg end, the dynamo current requires a different 
arrangement in order to proportion it; but the effect is precisely 
the same. When the transmitter is open, one third of the battery 
goes to the line; two thirds escapes through a " leak" to the ground ; 
when the transmitter is closed, as shown in the diagram, the entire 
current goes to the line. The Pittsburg pole changer is closed, send- 
ing zinc to the line; the effect of this, in connection with the Fort 
Wayne short end copper to the line, is to set up a current Fort 
Wayne to Pittsburg. In the Fort Wayne relay there is induced in 
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the upper core S polarity; in the lower N ; the effect of these on the 
S armature is to close it; the effect of the transmitter closed at 
Pittsburg is to close the Fort Wayne neutral relay. The number of 
phases or combinations possible to the eight instruments (four at 
each end) of the quad is sixteen; and one of these has been traced 
out with the results described. The general result in every case 
is that the Fort Wayne neutral relay obeys the Pittsburg trans- 
mitter; the Fort Wayne polar relay obeys the Pittsburg pole 
changer, and vice versa. 

How to Balance. The operation of balancing the quad is the 
same as that followed in connection with the polar duplex, except 
that the static is eliminated by watching its effect on the neutral 
relay instead of the polar. Approximate the resistance in the rhe- 
ostat to that of the main line: Pittsburg then asks Fort Wayne for 
his ground, and goes on the ground himself. Center the relay so 
that the armature remains on the front or back stop as placed; or 
vibrates freely under the influence of slight extraneous currents. 
Turn on the home, or Pittsburg, battery and adjust the rheostat until 
the polar relay vibrates freely as before. Now wedge the sounder of 
the polar relay in order to silence it temporarily. Turn down on the 
spring of the neutral relay; close the transmitter and dot slowly on 
the pole changer. Commonly a kick will be felt on the neutral relay 
which can be removed by adjusting the plugs on the condensers; 
turn down further on the spring and readjust the condensers; turn 
down still more if necessary and readjust the plugs until all trace 
of the kick is removed. Now restore the spring to its normal pull, 
and ask Fort Wayne to cut in. Ask him to write on the common, 
or No. 2, side and dot on the polar side. Pittsburg does the same, 
and, if his balance is correct, the signals from Fort Wayne on each 
side of the quad will be clear-cut and readable. Pittsburg now 
grounds for Fort Wayne, who goes through the same routine, and 
tests the result in the same way. This done, the quad is ready for 
service and is capable during a day of 9J hours of carrying 300 
messages each way on the polar side, and 250 each way on the 
common side. 

The slower work on the No. 2 side has its source in a defect 
in the quad which has never been entirely overcome. In the 
operation of the pole changer, even of the clock-face kind, when 



319 Digitized by Google 



90 THE ELECTRIC TELEGRAPH 

the direction of the current is changed it is plain there must be a 
very brief moment of time when there is no current on the line; at 
such moments there is a tendency on the part of the armature of 
the neutral relay to fall away from the magnets. If the local con- 
tact were on the front stop this would record a false signal; and 
the greater the length of the wire worked in the quad the more 
apparent is the interval. 

On all long-distance quads, with a view to eliminate the false 
signal, there is interposed (see Fig. 29) between the relay and the 
recording sounder, what is called a repeating sounder; the device, 
however, is not an entire success, and the signals on the common 
side lack firmness to an extent which affects the speed. 

Troubles of the Quad. It is usual in text books dealing with 
this subject to devote considerable space to the troubles of the 
quad. An expert quad man is not he who sets up quadruplexes — 
that is generally done by the office lineman — it is one who keeps 
the quad in working shape, and who, when any stoppage or defect 
arises, can locate the trouble and remove it. In the language of 
the craft, a defect in the set is called a "bug"; and those who 
deal with them are known as " bug hunters." It would be possible 
to fill a book the size of this with the ailments of the quad; how to 
locate and remedy them; the reader might study it attentively, 
but if his knowledge of the principles underlying the quad arrange- 
ment was hazy he might, and probably would, be worsted by the 
very first trouble he met; on the other hand, if he is thoroughly 
versed, as it has been the aim in these pages to make him, in first 
principles, each experience of trouble and its removal will prepare 
him to cope with the one that next presents itself. A prime quali- 
fication for anyone who aspires to be a defect hunter is a persist- 
ence in the search which never flags until the root of the trouble 
has been found and removed. 

A very insidious defect in a quad, because, slight at first, it 
may gradually grow worse, is that of unevenness in the coils, pro- 
ducing what is called a "lop-sided" relay. It is well to make 
tests, at stated times, of the relay coils with a current other than 
that of the quad. It need hardly be said that the batteries for the 
quad must be kept up to the standard; that the ground wires and 
their resistance coils, which are a part of the circuit when a bal- 
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ance is taken, should have all their connections intact. If, when 
Pittsburg took a balance, Fort Wayne gave him a defective ground, 
it would add to the normal resistance of the line the resistance of 
the Fort Wayne rheostat, and making a working balance impos- 
sible by the ordinary method. It is not an uncommon occurrence 
for one pole of the battery to fail, particularly if the current is 
furnished by a dynamo. If Fort Wayne suspects this he will ask 
Pittsburg to open his key; this means, in other words, "give me 
your copper current". Fort Wayne writes and the relay does not 
give back his signals. Then he asks Pittsburg to close his key. 
Fort Wayne writes and finds his own relay following the key, 
which it should not do, because, when the battery and wire are 
intact and the line balanced, the relays do not respond to the home 
key. Fort Wayne then tells Pittsburg the result of the test, and 
that his zinc pole is not coming to line. 

Caution is once more enjoined against the practice of allow- 
ing the armature of the pole changer or transmitter to hit upon 
the magnets or come in contact with them. 

The proper way to make a test of a quad set is, of course, to 
put an ammeter in the circuit and see if the currents are going out 
in their normal proportions. If a meter is not available, a rough 
test of the currents can be made by using the polar relay for a gal- 
vanometer. Remove the main line wire from the binding post of 
the polar relay, the armature of which is supposed to be centered. 
Close both keys and with the finger feel the pull of the armature; 
what you feel is the attractive force of the entire zinc current. 
Open the pole changer and see how the pull of the copper current 
compares with that of the zinc. It should be the same. Now 
0{)en the transmitter, and the weaker pull of the short end copper 
is felt; close the pole changer and the pull of the short end zinc 
should equal that of the copper. By this process the short and 
long ends of each pole, through the coils of the artificial line, have 
been tested. Remove the artificial line from its binding post and 
attach it to the main line post, from which the main line wire has 
previously been removed, and a test can be made of the currents 
through the main line coils under all the conditions noted. 

In the hands of a person to whom experience has given some 
nicety of muscular sense, this method, in the absence of a meter. 
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gives fairly satisfactory results. In an office where two quad sets are 
available, and occasional cessation in their use gives opportunity, 
the following plan for familiarizing one's self with the quad and 
its troubles is suggested by an expert. Select a station 200 miles 
away and ask him to '*loop", that is to join together, two wires 
which you name. Connect the two wires to adjacent sets in your 
own office. Balance them as though they were distant sets. Now 
introduce into one set any form of interference or disconnection 
that would be likely to occur in practice, and observe the eflFect on 
the other set; experience may be gained in this way that would aid 
in the location of trouble when it occurs in practice. 

Duplex Repeater. In wires worked on the duplex or quadru- 
plex system, the static capacity of the wire places a limit on the 
number of straight miles a circuit can be worked. But the dis- 
tance between stations can be greatly extended by the use of 
repeaters in which, by a perfectly simple arrangement of local 
circuits, the pole changer of a second circuit is controlled by the 
relay points of the first, and vice versa. For example, in the text, 
a duplex Pittsburg to Fort Wayne was described; call it the first . 
circuit. For a second circuit suppose Fort Wayne has a duplex to 
Chicago, and that Pittsburg wishes to be put through direct. By 
means of switch- jacks and cords provided for the purpose, Fort 
Wayne makes the electromagnets of the pole changer of his 
northern set a part of the local circuit which passes through the 
points of the polar relay of his Pittsburg, or eastern, set; he also 
makes the electromagnets of the pole changer of his eastern set a 
part of the local circuit which passes through the points of the 
polar relay of his northern set; Pittsburg and Chicago can then 
work duplex. The longest regular circuit in the United States is 
that worked between New York and San Francisco with six re- 
peaters; another long circuit is that between New York and Heart's 
Content, Newfoundland, with repeaters at Boston, St. John, and 
North Sydney. In a few seconds these two circuits could be 
repeatered at New York; San Francisco and Heart's Content could 
then work duplex through nine repeaters — a circuit from ocean to 
ocean where the continent is widest. 

The Repeatingr Sounder. Duplex Loops, Fig. 29 shows the 
local connections of the common side of a quad and the method of 
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current supply which, it is seen, is from two independent sources. 
The common side is shown preferably because it exhibits, in place, 
the repeating sounder, to which reference was made in a preceding 
paragraph, in the receiving, or relay, side. The current supply is 
a 6-volt dynamo, from one pole of which a wire extends through a 
fuse to the armature of the neutral relay. From the hack^ not the 
front, stop of the relay it passes through the coils of the repeating 
sounder, through another fuse, back to the dynamo, thus complet- 
ing a metallic circuit. When the neutral relay is on the front stop, 
the repeating sounder is open ; but its points, between the lever and 
the up stop, are closed, permitting the 23-volt current to close the 
other sounder from which the signals are read. When the neutral 
relay points open, the repeating sounder is closed, but the receiv- 
ing sounder is open; the reason for this arrangement has already 
been given in the text on the quad. 

The regular local system of a duplex, or one side of a quad- 
ruplex, is not a metallic circuit; it is a grounded system supplied, 
as the drawing shows, by a 23-volt dynamo. The reason for the 
ground arrangement is that in all the principal offices by far the 
greater number of the duplex and quadruplex sets are fitted up so 
that while the sets themselves are in the main office, where they 
can receive expert attention, they can be operated in branch offices 
by means of what are called "loops", or "legs". By suitable 
switches the loops can be cut in or out as desired. 

The current from the 23-volt dynamo runs first to a fuse block 
(not shown); thence to a small 3-point switch, the lever of which, 
if turned to the left, connects the battery with the set; if turned to 
the right it connects the set with the ground. The latter connec- 
tion is made in " setting up " a duplex repeater. With the lever 
to the left, the current is seen in the drawing to divide at the point 
S; one branch can be traced through the points of the repeating 
sounder, through the coils of the receiving sounder; thence (with 
the lever of the 6-point switch to the right) through a lamp of 
about 96 ohms resistance to the ground. The other branch can be 
traced through the coils of the transmitter; through two keys; 
thence (the lever of the 6-point switch to the right) through a lamp 
to the ground. The purpose of the lamps is to make the resistance 
in the circuits the same in either position of the levers of the G- 
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point switch. Above this switch are the connections and outfit of 
a branch office for the operation of a duplex; or, what is known as 
a duplex loop. It shows one wire connecting a lamp and the coils 
of a sounder to the ground ; another wire connecting a lamp, sounder 
and key to the ground for the sending side; the first mentioned 
sounder is that of the receiving side. To cut them in, turn the 
levers of the 6-point switch to the left; the relay then operates a 
receiving sounder in both main and branch offices; the branch office 
can operate the transmitter and work duplex with another city or 
a branch office therein similarly equipped. The word "loop", 
though commonly used in this connection, is a misnomer. In 
telegraphy, loops connect an outlying office, which may be rods or 
miles away, with a single Morse circuit. To do this, the pair of 
wires leading to the distant relay, which makes the loop properly 
so called, terminates in a wedge which can be inserted in the spring- 
jack of any wire in the main switch. In the duplex arrangement 
the wires operating the branch instruments are merely extensions 
of the sending and receiving sides of the local system. 

There are many matters of detail in connection with the setting-up 
and operation of a quad which do not properly fall within the scope of 
this work. For special works on the duplex and quadruplex the reader is 
referred to Thom and Jones' Telegraphic Connections ; to Jones' Pocket 
Edition of Diagrams ; and to Maver's American Telegraphy: Its Systems 
and Operation. 

THE PHONOPLEX. 

Among contrivances for increasing telegraphic facilities a 
worthy place is occupied by the device known as the Phonoplex — 
an invention of Mr. Thomas A. Edison. In its mode of operation 
it will be found to differ materially from anything heretofore pre- 
sented; its essential feature being the superposition, without 
noticeable interference, of the high-tension impulses of a magnetic 
coil upon the current or currents of the Morse system. Even when 
all the wires on the route are crossed or grounded, not excepting 
the one upon which the phonoplex is working, it admits of service- 
able operation. 

It can be worked in connection with the duplex and quadru. 
plex systems; but its usefulness is greatest as an adjunct to the 
single-line service of the railways, providing, in a sphere where 



325 Digitized by Google 



96 



THE ELECTRIC TELEGRAPH 



1 .^ 




the number of wires is usually limited, an extra circuit which is 
at all times available. The apparatus is adapted for use between 
intermediate, as well as between terminal, points; but the diagram 
(Fig. 30) presents, and the text describes, the arrangement of a 
terminal station where the single wire takes its battery. As it 
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embodies some new features, the details require more than usual 
length in their description. Referring now to the diagram — on 
the right is seen the spring- jack of a terminal switch, showing 
main battery and line connections. Two wedges are inserted in 
the jack; one carries the conductors to the phonoplex; the other 
cuts in a main-line key and relay which are bridged by condens- 
ers; the bridging arrangement obtains also at every intermediate 
station. This use of condensers makes feasible the operation of the 
phonoplex in the presence of crossed and grounded wires — a feature 
to which reference has already been made. 

The phonoplex requires for its operation, two batteries — one. 
B, of at least five 2- volt cells, and one, Lo, of three cells; a key 
and transmitter, each of peculiar construction; a small rheostat 
containing five coils of two ohms each; a simple magnetic coil, 
bridged by a condenser of small capacity, to quicken the impulses 
sent out from the coil; an ordinary Morse relay and condenser; 
and, lastly, the characteristic phonoplex instrument itself, marked 
P in the diagram. The latter consists of a circular wood base 
supporting an upright cylinder containing an elongated horseshoe 
magnet, upon each pole of which is wound a small coil of insulated • 
copper wire. Above the poles, and covering them, is a metallic 
diaphragm like that used in the telephone. A split steel ring II 
rests upon this diaphragm, or moves freely upon a threaded verti- 
cal pin N, at the top of which is placed an adjustable nut. Each 
agitation of the diaphragm causes the steel ring to be thrown up 
against the nut, producing an excellent imitation of the well-known 
'* click " of the sounder. Between magnetic coil M and the main 
battery is an ordinary 150-ohm Morse relay C II, which acts as a 
choke-coil; to it is tapped a condenser C, and a ground. RA is a 
small adjustable resistance box containing five coils of about 2 
ohms each. This resistance is introduced into one of the circuits 
bridging the magnetic coil, in order to weaken the current so that 
one stroke of the phone recorder may be distinguished from the 
other; otherwise the ''back-stroke" effect would ensue, and the 
signals would not be readable. Of the wires bridging the magnetic 
coil two, on the left-hand side, terminate in springs between which 
moves the hammer-headed lever of the transmitter operated in the 
usual manner by means of local battery L^>, and key K. The lower 
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end of the hammer-head also has an attachment which acts on 
spring z for a purpose which will be explained later. 

It is difficult to represent in a diagram the insulated portions 
of key K; in order to understand its working a detailed description 
is necessary. The key and its attachments control two independ- 
ent circuits. Tlie ordinary circuit-closing switch is absent; the 
local circuit (dotted) is always "' open " except when signals are 
being sent. One conductor of the local circuit makes connection 
with the anvil post W which is insulated from the base, and is 
fixed underneath the lever. To the further end of the lever is at- 
tached the other end of the local circuit conductor, so that when 
the key is depressed, the transmitter is closed. To the near end 
of the base of the key is connected a wire leading to the lever of 
the transmitter T. Attached to the base by means of a screw, 
which serves also as a pivot, is a curved arm A, at the pivoted 
end of which is a curved spur s reaching across the base of the 
key. At 2 and 9 are small spurred thumbscrews attached to, but 
insulated from the base; so that, in the position shown in the dia- 
gram, the arm A puts 2 in contact with the base; but if the arm 
is withdrawn from 2 a sufficient distance then 9 makes contact 
with the base through the spur s. 

To understand the working of the apparatus it must be borne 
in mind that the transmitter, unlike that of the Stearns duplex, 
produces the effects of dots and dashes by the " breaks ", and not 
by contacts. In the diagram, the lever of key K, and that of trans- 
mitter T are open ; the current from B flows from + to 2, through 
the base of K and the lever of T, through spring x and the coil M, 
to - of battery MB, thereby charging the coil with the full strength 
of B. The act of depressing the key lever breaks the contact at a?, 
coil M discharges, and a loud "snap" is heard in the distant 
phone or phones. When the lever T strikes the upper spring y, 
the current flows through y instead of «?, thence through resistance 
RA, charging coil M less strongly than before; so that, when the 
upward movement, or opening, of the key breaks the contact at y, 
a less pronounced snap is heard on the distant phone; thus obviat- 
ing, as already stated, the effect of the "back -stroke". 

It will be noticed that, during this sending operation, the 
curved arm is to the right, which is the position of an ordinary 
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key when an operator is sending. When he begins to receive on 
the phone, he moves the curved arm to the left, which movement 
corresponds to the "closing" of an ordinary key; but in this case 
the movement simply disconnects the battery B from the trans- 
mitter, and the spur 8 makes connection between 9 and the base, 
shunting the magnetic coil, so that the phone may be affected by the 
maximum of charge and discharge from the distant magnetic coil. 
One feature remains to be described. Leading from the ter- 
minals of the phone may be noticed a shunt circuit (in dots and 
dashes) terminating in spring z and a contact point above. The 
position of spring z is such that when the transmitter is open and 
its lever in a downward position, the shunt circuit is open; but 
when the hammer end of lever T is raised, and so long as it remains 
so, the phone is shunted. This automatic shunting of the phone 
during the time when the lever is "breaking" the charging cur- 
rents of the coil, obviates annoyance from the discharges of magnetic 
coil M to the operator who is sending in proximity to the home 
phone. 



329 Digitized by Crr OOQIC 





Digitized by 



Google 



WIRELESS TELEGRAPHY.* 



HISTORY. 

The practice of signaling through space may be traced back 
through the ages to the beginning of the history of mankind, for 
the earliest records indicate that tha survival of the fittest sent 
powerful sounds from his lips through the air, and that for longer 
distances he employed fire to propagate light waves through the 
subtler medium of the ether. 

As civilization advanced, the necessity of transmitting intelli- 
gence to a longer distance and with a broader interpretation, led 
to the introduction of many forms of intercommunication, made 
possible by the invention of writing and the use of semaphores, but 
these were not without their special limitations since the former con- 
sumed time in transportation and the latter could be operated only 
where a direct visual line between the sender and receiver was 
possible. 

With the advent of experimental electricity and the knowledge 
of its properties for traversing long lengths of wire with practically 
the speed of light, came the burning desire to utilize it for the 
transmission of messages, but we need not here dwell upon the 
remarkable events that gave us the electric telegraph, the sub- 
marine cable and the speaking telephone, for these do not form a 
part of the subject herein treated; but instead we shall follow the 
evolution of that allied and newer branch of the art called ^^^V^^^;** 
teleijrtiphy. 

For at least a century before an electric impulse, representing 
a signal, had actually been transmitted and received without inter- 
vening and connecting wires coupling the two opposite but com- 
plementary instruments, the subject was a favorite one with the 
physicist, and it is not unlikely that the ancient Greeks who wit- 
nessed Thale's experiment of transferring energy from electrified 
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amber to neutral paper, dreamed of the bridginfr of greater dis- 
tances by the same mysterious influence. 

The first recorded instance, however, in which a definite 
scheme was proposed having for its object the telegraphing without 
wires by electricity, was that given by Silva, a Spanish physicist, 
who read a paper " On the Application of Electricity to Telegraphy " 
before the Academy of Sciences on Dec. 10, 1795, at Barcelona. 
In this prophetic memoir, he advocated that a given area of eartli 
be positively electrified at Mellorca and that a similar area of 
earth be charged to the opposite sign at Alicante; the sea connect- 
ing these two cities would then act as a conductor when the electric 
diflference of potential would be restored, and by a proper translat- 
ing device the transfer of energy could be indicated. 

Conductivity Method. The first experiment resulting in the 
successful transmission of electricity between two points without 

an artificial connection may be as- 
V;-; .^ -"'""••- cribed with considerable certainty, 

to Steinheil of Bavaria, who made 
the important discovery that the 
earth could be utilized in place of 
the usual return conductor of a 
wire telegraph line. After ascer- 
taining the fact that current trav- 
ersing such a circuit flowed in 
innumerable'curved lines- between 
--' ^^---" the terminals of the line wire eni- 

Fig. 1. Conductivity Method. bedded in the earth, Steinheil then 

found that by placing a similar pair 
of earth plates, 3, 3' and 4, 4', likewise connected together and 
having a- galvanometer 5 interposed in the circuit, parallel with 
the first, which included a battery and a key 2, as shown in 
Fig. 1, there was a sufticient dispersion or leakage of the current 
from the one to affect the other to the extent of deflecting the 
needle of the galvanometer. The dotted lines represent currents 
in the earth. 

These pioneer experiments were made in 1838, the discoverer 
having proven it possible to obtain calculations at a distance of at 
least 50 feet, this forming the basis of what is now known as the 
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dispersion or conductivity method of wireless telegraphy. This 
mode of transmission has been thoroughly tested by many investi- 
gators since its inception until 1892 when Preece, of England, 
obtained results from Lavernoch Point to Steepholm in the Bristol 
Channel, a distance of nearly five and a half miles. 

The invention of the telephone receiver by Bell opened fresh 
fields in the realm of signaling through space, owing to its extraor- 
dinary sensitiveness; and by means of this remarkable instrument 
an effort was made to determine the inductive effects of telephone 
circuits; This was attempted in 1877, by Saches, of Austria, who 
arranged two parallel circuits, each forming a loop 120 meters in 
length with a distance of 20 meters separating them. A current 
from three cells was employed for exciting the first circuit, and 
this was found ample to produce distinctly audible signals in the 
telephone receiver. 

Inductivity Method. Following these researches, Trowbridge, 
of Boston, carried on a large number 
of experiments in electromagnetic A 

induction, the arrangement of which 3/^^^5s^::::'^">>, 
is illustrated in Fig. 2. In this 7 sV,'^^''.':':f^-:£-^^^^^^^^^ 
method, two coils of wire 3 and 4, X}-'^:-^:^:^^^^ 
formed of many turns, are placed in X^'|jf;^::::j^;.^ 
parallel, or i n a plane wi th each other ; Fig. 2. inductivity Method. 

a battery and key 2. are connected 

in series with one coil and a telephone receiver 5 in the comple- 
mentary loop of wire. When the coils are adjusted several yards 
apart, the '' make and break " of the sending circuit by the key 
causes the electric energy to be transformed into curved magnetic 
lines which thread through the receiving coil producing in the 
latter an electromotive force proportional to the rate at which they 
link with it. Trowbridge believed that this inductive method^ as 
it is termed, could be made to operate effectively between vessels 
separated by a distance of at least a mile. 

Electrostatic Method. A curious coincidence is now pre- 
sented in the electrostatic method evolved (patented and experi- 
mented with by Dolbear, of Boston, in 188()) since it is an almost 
exact counterpart of that pro])osed by Silva in 1795, for the appa- 
ratus of the former is designed to fulfill the precise functions 
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required by the hypothesis of the latter, that is, the charging of 
the earth at the sending and receiving stations to opposite signs. 
The sending instrument, indicated diagrammatically in Fig. 3, 
consisted of a small induction coil 3, the primary winding of which 
was connected with a battery 1, an interrupter, and a key 2, while 
the terminals of the secondary coil were connected with a condenser 
4 and the earth 5, respectively; the receiver was formed of a con- 
denser 10, one side being connected to a battery 9, which in turn 
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Electrostatic Method. 
Fig. 3. 

led to a second condenser 8, thence to a static telephone receiver 7, 
the terminal connecting to a plate 6 in the earth. Edison followed 
with a somewhat similar arrangement in 1891, except that he em- 
ployed sarial wires with plates of metal at the top, which served as 
capacity areas, instead of the condensers described above. There is 
no authentic record of the performance of either of these devices. 

Electric Wave Method. All the methods described above 
have their especial limitations, and these are so tightly drawn that 
none of them have ever approximated a utility of the slightest 
commercial importance; work, however, continued along these 
lines, but during the past fifty years an entirely new method has 
been unfolding, a method at once marvelous in conception, beauti- 
ful in theory, perfect in formation, and startling in its final results; 
this is the elect poina<jnetiG wave method. 

The fundamental principles upon which this method is based 
may be said to have begun in 1678 when Iluygens, a Dutch mathe- 
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matician, conceived the hypothesis that all space not taken up by 
gross matter was filled with a highly attenuated subtle substance 
named ether, and by which he was enabled to account logically for 
all the phenomena of light. 

Faraday, in 1845, not only believed in Huygen'sluminiferous 
ether but demonstrated by experiment that electric and magnetic 
forces were propagated through the same medium. This physical 
evidence was resolved into a mighty theoretical system by Maxwell 
who determined mathematically the relations between all the 
varied phenomena presented by these different, yet allied, sciences. 

The last link in the chain necessary to establish absolutely 
these great fundamental truths was supplied by Hertz, of Karlsruhe, 
Germany, in 1888, who succeeded in producing electromagnetic, 
or, as he termed them simply, electric waves, w^hich followed every 
known law of light, such as rectilinear propagation, refraction, 
polarization, etc. The electric waves discovered by Ilertz are, of 
course, much longer than those of light, and being much too long 




Hertz's Klectromagnetlc Wave Method. 
Fig. 4. 

to affect the eye, they are invisible; every known test, however, 
only served to offer additional proof that the Hertzian weaves are 
transverse vibrations in the ether, and that they are propagated 
through 8])ace at a velocity equal to that of light. 

The apparatus Ilertz employed in producing and receiving 
electric waves is shown in Fig. 4. The sending apparatus A com- 
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prises an induction coil 3 energized by a battery 2, and operated by 
a key 1; the high-tension terminals are connected to an oscillator 
formed of two brass spheres <z, a attached to large metal shet^ts J, h 
by brass rods; this is the arrangement by which the waves were 
radiated. The spark-gap is shown at d. The receiver B is simply 
a loop of wire with the free ends brought nearly together, and when 
-the waves impinged upon it, their presence was indicated by the 
passage of minute sparks in the gap formed between the ends. 

Here then was a complete apparatus for fulfilling the condi- 
tions of signaling through space without wires; but many improve- 
ments were needed before an efficient system could be produced 
capable of operating on a commer- 
cial scale. For instance, the metal 
ring receiver of Hertz required too 
much energy to affect it at any great 
distance, but this defect was over- 
come by Branly, of Paris, who found, 



tt«ctr'ic B«1l 




-o o 




Fig. 5. Popoff's Receiver 



Fig. 6. MarconrR Transmitter. 



in 1890, that metal filings enclosed in a tube, termed by him a 
radio -conductor^ were marvelously sensitive to enfeebled electric 
waves impinging upon them. In 1895, Popoff, of Russia, com- 
bined with a coherer 1, as Branly's detector had been re-named, 
an electric bell, the hammer 7 of which also served as a tapper 
to de-cohere the filings, a sensitive relay G and a local battery 5, 
as illustrated in Fig. 5; one terminal of the coherer was connected 
to a rod 2 elevated in the air while the opposite terminal 3 led to the 
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earth. This formed a self-acting receiver, but was used by him in 
the study of atmospheric electricity. The spark-gap is shown at 4. 

This was the state of the art when Marconi, of Italy, in 1895 
began his experiments with a view to long-distance transmission. 
In his earlier trials in Italy, the young man employed the induc- 
tion coil and oscillator in transmitting, just as Hertz did before 
him, but later he ascertained that if one side of the oscillator was 
connected to a wire 1 suspended in the air, and the opposite side 
was connected to the earth 2, as in Fig. 6, the energy would be 
radiated in the form of electric waves to much greater distances 
than was possible with the simple oscillator designed by Hertz. 
The receiver used by Marconi in connection with his transmitter 
was very like that of Popoff except that he added a Morse register 
and adjusted the mechanism to imprint the received impulses in 
dots and dashes in accordance with the signals transmitted. 

The results attained by Marconi bring the history of wireless 
telegraphy to the time of its commercial adoption in 1897. Since 
then there has been a multitude of workers, all of whom have bent 
their efforts to eliminating its defects, and these men and their 
work will find p place in the succeeding pages of this text. 

PRINCIPLES. 

Ether. The first principles upon which the theoretical struc- 
ture of wireless telegraphy is based are identical to those evolved 
by Faraday and Maxwell to account for all the phenomena of light, 
since in either case the waves are electromagnetic in character and 
are transverse vibrations in and of the ether. 

In accepting the hypothesis of an all-pervading substance, 
termed the electromagnetic medium, it is neither necessary to 
know its essential form nor its composition, for just as sound may 
be sent through the air without a knowledge of its (Constituent 
parts, so also may electric waves be propagated likewise through 
the ether. But if the laws of either sound or electric waves are to 
be deduced then some of the characteristics of the medium in which 
they are set up and through which they travel must be known, and 
in working out the system of sequences that governs the action of 
light, mathematicians come to conclude that ether is a highly 
attenuated substance, that it possesses elasticity and rigidity, that 
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it has density and that it is incompressible. Thus it will be 
observed that ether is closely related to electricity yet it partakes 
of some of the properties of gross matter, and while Sir Oliver 
Lodge has pointed out that electricity may be a product of shearing 
the ether, J J. Thomson has done much to indicate that corpuscular 
matter is of etheric origin. 

The constants of the ether have been determined empirically 

and its specific inductive capacity is taken at 1 which is expressed 

symbolically by the letter K, while its density is assumed to be 

about 936 one-sextillionths that of water and is represented by the 

. Greek letter /i. Now fi divided by K equals the velocity of light 

and all other forms of electromagnetic energy or ^ = 186,500 
miles per second. 



^S^ 




A B 

Air Waves and Electric Waves. 
Fig. 7. 

Electric Waves. Undulatory, or wave, motion through the 
air and that taking place in the ether are different in that the first 
consists of longitudinal thrusts due to one molecule of matter 
striking another, while in the latter the motion is caused by trans- 
verse vibrations taking place across the line of propagation due to 
polarized stresses in the ether as shown in Fig. 7, A and B respect- 
ively. Electro7na(jnetic^ or to use the common abbreviated terra, 
electric waves, are, however, like sound waves in a number of 
limiting cases, as for instance, they may vary greatly in length and 
yet the speed at which they travel in their respective mediums 
remains constant; again, just as in air, waves of different lengths 
produce different tones when they impinge on the ear. waves in 
ether, of very short but varying lengths, reflect dissimilar colors, 
the violet being the shortest and tlie red tlie longest visible waves. 

An electric wave a little longer than the red is invisible to the 
eye, but its effects may be felt in the form of radiant heat. Between 
the short, radiant heat weaves and the long electric waves produced 
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by the disruptive discharge of an electric spark there is a wide gap, 
yet they are identical except when tlieir lengths are considered. 

Because they are invisible and the senses of man incapable of 
perceiving them except by the aid of some exterior physical means, 
the existence of electric waves had not been proven by experiment 
until 1888, when Hertz demonstrated their characteristics, showed 
a method for producing them, and a simple means by which they 
could be detected and their effects observed. 

Electric waves of whatever length are the result of charges of 
electricity in rapid motion; if the charge of an atom is set into vibra- 
tion it will emit a very short wave length, say 271 ten-millionths 
of an inch which is that of red light, but if a pint Leyden jar is dis- 
charged its oscillations will send out waves 50 or 60 feet in length. 

Electric Oscillations. Since all waves in ether are due to 
transverse vibrations they should follow the same physical laws, 




Polarized Electric Waves. 
Fig. 8. 

and to prove that the long electric waves were identical with those 
of light. Hertz reproduced all the known optical experiments; 
showing that waves from his oscillator traveled in straight lines, 
by reflecting them from the surfaces of metals; that they could be 
refracted, by passing them through huge prisms of pitch; he 
formed shadows by intercepting them with his own body and other 
objects; and finally he polarized them by means of a grid made of 
a number of parallel wires as shown in Fig. 8. 

Disruptive Discharge. To set into vibration the electric 
charge of an atom for the purpose of producing light, it is usual 
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to employ heat, but to obtain long electric waves for experimental 
purposes or for wireless telegraphy there is only one method known 
to science and that is by discharging a charged I^yden jar or other 
oscillator formed of opposite metal conductors B, B' and separated 
by a spark-gap as shown in Fig. 9; this form of oscillator is 
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Open Circuit Oscillator. 
Fig. 9. 

charged by an induction coil or other high-tension apparatus. 
When the spark takes place, the opposite sides or arms of the 
oscillator discharge into each other, thus equalizing their difference 
of potential through the spark or disruptive discharge. 

The moment the spark occurs, the static charge of the oscilla- 
tor is changed into kinetic energy which surges through the system 

to and fro, like a straight steel spring 
suddenly released; but while the energy 
of a spring is damped out in the making 
of air waves, the electric oscillations are 

transformed into electric waves in the 

ether, but in both . cases the energy de- 
creases in geometric progression from 

Fig. 10. Electric Oscillations. , ^ j m ? • ,i 

maxima to zero as described in the curve, 
Fig. 10. 

For this reason the waves can be emitted only periodically, 
and before another train of waves can be started, the oscillator 
must be recharged, and this requires time. The charging is done 
automatically by having the terminals of an induction coil con- 
nected with the arms of the oscillator so that as soon as the oscil- 
latory currents set up by the spark have damped out their energy 
in electric waves, the high-tension current generated by the coil 
will instantly recharge the oscillator to its maximum capacity, 
when it will again break down the thin film of air and the cycle of 
operations will be re])eated. 

To determine the length of an electric wave, it is necessary to 
know not only its velocity, which has been previously calculated,- 
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but also the period of oscillation of the system radiating the waves; 
the latter depends upon the constants of tlie oscillator circuit, that 
is, its capacity C, its inductance L, and its resistance R. These 
factors are in turn governed by its length and other dimensions, 
and the time of oscillation T may be found by the formula T = 
2 R l^ LO, the resistance may be considered negligible in a 
simple open circuit where oscillations are of sufficient frequency 
to send out electric waves. The length of the wave is easily found 

V 

by dividing the velocity v by the number of waves v/, or — = the 

wave length. 

Electric waves 
emitted by a simple 
oscillator of the 
Hertz type give rise 
to free spherical 
waves in space, and 
the writer has ever 
advocated the theory 
that this is the form 
of waves radiated by 
the atrial wire and 
earthed -oscillator 
system of a wireless 
telegraph transmit- 
ter, while Blond el, 
Taylor, and Fessen- 
den have promul- 
gated a theory in 
which the waves are 

assumed to be hemispherical or half- waves which slide over the 
surface of the earth or sea; the illustrations. Fig. 11, A and B 
respectively, show gra])hically these two view-points. 

Having ascertained the process by which low-voltage direct 
currents are transformed into currents of high frequency and 
potential, and how these oscillations radiate their energy into space 
in the form of electric waves, the final fundamental principles 
involve their reception and indication. While all insulating 




Fig. 11. Electric Wave Propagation. 
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materials are transparent to electric waves, conductors of electricity 
have the property of intercepting them, but this does not imply 
that they are forever lost, for conversely, they follow the well- 
known laws for the conservation of energy, and the waves are 
simply transformed into another form of energy, or back again into 

electric oscillating currents, as 
the heat in steam is converted 
into mechanical motion. 
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Fig. 12 Branly's Radio-Conductor. 



Fig. 18. Open Circuit Resonator. 



The currents set up in a conductor of a receiving circuit, 
termed a resonator^ have a rate of oscillation exactly equal to that 
of the radiator at the sending station. In Hertz's experiments, a 
circlet of wire was used as a receiver, or reso- 
nator, and when the oscillations raised the po- 
tential to a critical point the tension broke down 
the air and a minute spark passed. 

Branly introduced a little tube 1, filled with 
filings 3, see Fig. 12, termed a radio -conductor, 
in the resonator circuit that is between two arms 
^ d) W^K "^^^*^ ^^ metal and similar to the oscillator except 

O lEj that the tube of metal filings took the place of 

the air-gap. 2 and 4 represent conductor plugs, 
and 5 and 6 binding posts. When electric oscil- 
lations are set up in the resonator by electric 
waves impinging upon it, the oscillatory current 
pj 14. causes the filings of the c()liev€i\ as Branly's fil- 

ings detector has come to be universally called, 
to be drawn more closely into contact, and the resistance which is 
normally high, is thus very greatly diminished 

The easiest and simplest method for the detection of these 
changes in resistance is to connect in series w^ith the coherer A, a 
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single cell E, and a galvanometer, or a telephone receiver F, as in 
Fig 13; D and D represent the capacity plates and B, B the 
internal circuit. It is obvious that when the filings cohere, the 
current from the cell will readily flow through the circuit including 
the galvanometer, its needle will then be deflected and it will so 
continue until the filings are restored to their normally high resist- . 
ance, which condition may be easily attained by merely tapping 
the tube with a pencil; in practice, the decohesion of the particles 
is usually effected automatically by an electro-mechanical device. 

In commercial wireless telegraphy, the aerial wire at the send- 
ing station is connected with the earth through the medium of a 
spark-gap, as A in Fig. 14, which constitutes the circuit wherein the 
current oscillates. At the receiving station, the coherer is connected 
to the lower terminal of the vertical wire and to the free end of the 
wire leading to the earth, as indicated at B, forming the resonator. 

Marconi ascertained that the energy of the waves did not 
diminish in intensity when the distance was increased if the length 
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Fig. 16. 



of the serial wnres were increased as the square of the distance, that 
is, by doubling the height of the wires the waves would be trans- 
mitted to four times the distance, the initial energy remaining the 
same. These are the first principles of the action of electric waves 
and the operation of the earliest and most simple forms of wireless 
telegraph systems, while those of a later and more complex nature 
depend on electrical resonance and electro- mechanics. 

It has been previously shown that the length of an electric 
wave depended upon the coeflicients of the oscillator, and it has 
also been pointed out that a resonator in the field of force would 
have oscillations produced in it by the impinging waves. 
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Resonance. Now it is well known that when an oscillator 
and a resonator have exactly the same electrical dimensions, that 
is, inductance, caj)acity, and resistance, the currents set up in the 
resonator will be much stronger than where the circuits are not in 
resonance with each other. By applying the laws of resonance to 
wireless telegraphy, inventors have striven to produce the same con- 
ditions on a commercial scale that have been obtained in the labora- 
tory in order to provide a method capable of signaling selectively. 

The oscillators and resonators previously described were of the 
open-circuit type, having two oppositely disposed arms; but for 
resonance effects daacd'circait oscillators and resonators, illus- 
trated diagrammatically in Fig. 15, at A and B respectively, give 
the maximum results. Conversely, open-circuit oscillators are the 
best radiators of electric waves, damping out the energy in two or 
three swings while the closed -circuit type permits the current to 
oscillate for a long period of time and consequently very feeble 
electric waves are emitted. Uence wireless telegraphy systems 
with open circuits give the best results over long distances, but as 
these are co- resonant, in virtue of the capacity of the earth with 
which they are connected, every receiver is in syntony with every 

transmitter, and therefore they have 
no individual^ selective properties. 
The efforts to combine open and 
closed circuits to obtain the advan- 
tages of long-distance transmission 
and selective signaling has led to 
many ingenious relations and the pro- 
duction of several syntonic systems. 




Fig. 16. Induciion Coll and 
Oscillator. 



APPARATUS. 

The apparatus comprising the 
transmitter consists of a source of 
electromotive force, a battery or dynamo, a key, an induction coil or 
transformer, and an oscillator. The appliances forming a receiver 
of the simplest tyj)e include a wave detector, a cell, a telephone 
receiver, and a resonator; in the earlier and more complex systems, 
a relay, a tapper, and a Morse register were added. 
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Induction Coil. There are two methods of transforming low- 
potential into high -potential currents. The first is by means of 
an induction coil and the second is by using a transformer. The 
term induction coil differentiates this apparatus from that known 
as a transformer; the former being supplied with an interrupter 
and a condenser and energized by a low-voltage direct current, 
while the latter has neither of the devices just cited and is operated 
by a low- voltage alternating current. 

The induction coil, Fig. 16, is made up of an iron core 4, 
formed of a number of soft iron wires having wound around them 




Induction Coll. 
Fig. 17. 

two layers of heavy wire 5, called ihe prtmai^ coil or inductor. 
One end of the primary leads direct to the battery 1, the other con- 
necting with an interrupter 3, a simple mechanism for automat- 
ically making and breaking the current, which is in turn connected 
to the opposite pole of the generator. Around the "make and 
break" a condenser 2 is connected in shunt, assuming the contacts 
of the interrupter to be closed, but when open the condenser is in 
series with the primary coil. 
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Outside the primary coil and well insulated from it is the 
secondary coil fi, built up of several thousand feet of very fine wire 
and thoroughly insulated with a compound of resin and beeswax. 
The terminals of the secondary connect to the opposite arms 8, 8 
of the oscillator. In operation, when the primary coil is energized 

by the current, the core becomes 
magnetized and magnetic flux sur- 
rounds the coil in a direction par- 
alleling its axis. This causes a 
current to be induced in one direc- 
tion in the secondary. When the 
interrupter breaks the circuit, a 
current is induced in the opposite 
direction; this is repeated auto- 
matically several hundred times 
per minute resulting in a high-ten- 
sion alternating-current flow at the 
terminals of the secondary coil and 
which is utilized for charging the 
oscillator. Fig. 17 is a photographic illustration of an induction coil. 
Transformer. In a later method, shown in Fig. 18, the primary 
winding 2 of an ordinary commercial oil transformer is connected 




Fig. 18. Transformer Transmitter. 




Marconi Ci)herer. 



Fig. 20. 

to the terminals of an alternating-current generator 1, of say, 60 
cycles and 500 volts. The ends of the secondary of the coil 3 are 
joined to a battery of Leyden jars 4, 4. When in action, the 
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reversals of the current in the primary of the transformer induce 
alternating currents in the secondary' coil having the same period 
but enormously increased potential, the transformer giving about 




Fig. 19. Wireless Telegraph Key. 

25,000 volts at the secondary terminals. This low -frequency, 
high-potential current charges the Leyden jars to the limit of their 
capacity, when they discharge through the spark-gap of the oscil- 
lator, 6 is the earthed terminal and 7 the aerial wire. 

Keys. In order to break up the current arbitrarily into dots 
and dashes, a telegraph key is interposed in the primary circuit; 
the keys usually employed are constructed like an ordinary tele- 
graph key, but are very much larger, like the one in Fig. 19, as the 
currents to be broken are often in excess of 746 watts or one elec- 
trical horse-power. Another foi*m of key, designed to be operated 
with the rapidity of the ordinary Morse key, is constructed so that 
the heavy current is broken under oil. 
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The spark-gap, dividing the serial wire and the earthed ter- 
minal is usually formed of two spheres or discs so that the length 
of the disruptive discharge may be regulated at will. 

Wave Detectors. Of the receiving devices the wave detectors 
are the most important. These comprise two general classes; those 
of the first class are voltage-operated and are of the coherer type, 
in which the resistance is lowered by the potential of the oscilla- 
tions, and the anti-coherer type in which the resistance is increased 
by the oscillations. Those of the second class are current'Operated 
detectors where the current strength of the oscillations varies the 
resistance of a fine wire or liquid through heat losses by radiation. 
A coherer of the filings type is shown in 
Fig. 20; two silver conductor plugs with plat- 
inum wire terminals are forced into a piece of 
glass tubing leaving a space or pocket for the 





Pig. 21. Fesspnden 
Barretter. 



Fig. 22. Polarized Relay. 



filings — made with a coarse file from nickel and silver in the propor. 
tions of 90 per cent of tlie former and 10 per cent of the latter; the 
tube is then adjusted, the air iB exhausted with a mercury pump, and 
the tip sealed off. Anti-coherer h are made by substituting oxide 
of lead for the ordinary filings between the conductor plugs; the 
current from the local cell causes minute threads of metal to be 
built up between the plugs by electrolysis, and these are disrupted 
by the electric oscillations. Auto-roherers are those that need no 
tapping to bring them back to their normal resistance after the 
effects of cohesion, but are restored automatically in virtue of their 
inherent properties. 
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A barretter or current- operated wave detector is illustrated 
in Fig. 21; it is made of a little loop of silver wire having a diam- 
eter of .002 inch with a core of platinum wire 1 drawn down to 
.00006 inch in diameter; the tip of the silver loop is then dissolved 
away exposing the platinum filament; this done, the ends of the 
loop are attached to the leading- in wires 2, 2 sealed in a glass bulb 
which is finally enclosed in a silver case. The silver shell is shovvn 
at 3 and the glass globe at 4. A new form of barretter em- 
ploys a very small column of nitric acid and a minute platinum 
wire immersed in the liquid so that the resistance of the latter is 
concentrated closely to the point. Anti- and auto-coherers and 
barretters can be used only in connection with a telephone receiver, 




Marconi Polarized Relay. 
Fig. 23. 

for their resistance variations are too limited to permit the relay 
to be actuated; the filings coherer is the only type of detector 
known that can be employed in combination with a relay. 

Relays. Of relays there are several forms, but the 2>ola7'ize(l 
rehnj^ shown in Fig. 22, is the only one sensitive enough to be 
used in conjunction with a coherer for long-distance work. A 
polarized relay is provided with a permanently magnetized arma- 
ture 3 instead of the soft iron one of the ordinary instrument; it 
has two magnets, one an electromagnet 2, 2 and the other a per- 
manent magnet 1, 1; by this arrangement, when no current is 



349 Digitized by 



Google 



20 



WIRELESS TELEGRAPHY 



passing through the coils of the electromagnet, the poles will be 
north; but when the current flows, one of the poles is more 
strongly magnetized while the other changes its polarity to south. 
There are several modifications of the polarized relay, but their 
principles of oj)eration are the same. Fig. 23 shows the type used 
in wireless. telegraph receivers. 

De-Coherer. Next in importance is the tapper, or de-coherer, 
for restoring the filings after the oscillating current has cohered 
them. The construction of a tapper is much like that of the ordi- 
nary electric bell with an au- 
tomatic contact breaker; but 
different from the latter in 
that the hammer of the tap- 
per has a very low time con- 
stant so that its vibrations 
can be very rapid. Such a 
tapper is shown in Fig. 24, 
and is, it will be observed, 
provided with a device for 
supporting and adjusting the 
coherer so that the strength 
of the stroke of the hammer 
may be varied at will. 

There are several instru- 
ments for translating the re- 
ceived impulses into readable 
Morse, as for instance, the 
galvanometer, the telephone 
receiver, the ordinary sounder 
and the Morse register. The 
three former appliances are so well known that they need not 
be described here. The ren;ister is employed where it is desirable 
to have a permanent record of the received message, and a general 
idea may be gained of its construction and operation by referring 
to Fig, 25. 

Register. The register is an electro-mechanical apparatus 
comprising a spring motor, the purpose of which is to draw a tape 
of paper under an inked disc operated by an electromagnet. 




Fig. 24. Guarlni Tapper. 
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Morse Register. 
Fig. 25. 

When a current is passincr through the coils of the electromagnet, 
the inked disc, which is attached to the armature, is drawn into 
contact with the paper and held there until the current ceases; in 
this way the dot and dash 
code is formed and im- 
printed on the tape. 

The above appliances 
are the principal ones mak- 
ing up the ordinary wire- 
less telegraph systems, but 
there are a number of other 
and minor devices utilized 
to render more accurate the 
working of the instru- 
ments. One of these is the 
chohing coil^ made of a 
long, fine insulated wire 
doubled back on itself and 
then wound on a wooden 
spool as shown in Fig. 20; 
these coils are interposed 
in the local circuits of the 
receiver to cut off high- fre- 




Fig. 20. Choking CoU. 
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qiiency currents which may he set up hy sparking, either in the 

coherer or hetween the relay contacts. 

(hclUatUni Tran^f(trnu'r8 are used in many systems of recent 

design; these are constructed for stepping up or down high-fre- 
quency and high- potential 
electric oscillations, and 
are employed in both the 
sending and the receiving 
circuits. The transmittincr 
transformers have an in- 
ductor or primary of three 
or four turns of heavy wire 
wound outside the second- 
ary coil which is formed of 
thirty or forty turns of fine 
wire, when the coils are 
then immersed in oil; two 
views of a typical trans- 
former are illustrated in 





Braim High Potential Transfonnor. 
Fig 27. 

Fig. 27. Smaller transformers are often employed in the receiving 
circuits, and consist of simply a primary and a secondary coil insu- 
lated in the usual manner. 
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Inductance coils and comlensers are also largely used in wire- 
less telegraph practice for the purpose of increasing the inductance 
and capacity of the oscillators and therefore the waves emitted by 
them. They are also useful for tuning a closed-circuit to an open- 
circuit as well as to obtain resonance between the transmitter and 
receiver. Inductance coils are formed of a large number of turns 
of heavy wire with sliding contacts so that any desired value of 
inductance may be procured. Condensers for providing suitable 
capacities can be made up of Leyden jars or metal sheets immersed 
in oil w^here high tensions are employed, but in receiving circuits, 
those of the ordinary mica type are used. Finally where detectors 
of the coherer type are utilized a metal case is provided which 
encloses not only the coherer but the relay, tap{)er, and local cells 
leaving the register alone exposed. The object of the screening 
box is to protect the delicate and sensitive instruments from the 
powerful oscillations of the transmitter in the immediate vicinity. 

With an understanding of the subsidiary apparatus compris- 
ing the component parts of transmitters and receivers and the 
principles involved, it is now easy to follow the intricacies of the 
various systems that complete the art of wdreless telegraphy. 

SYSTEiTS. 

The many different systems for sending messages through 
space without wires may be classilied under two general heads, 
namely, those designed without regard to selectivity, and those 
where electrical resonance has been brought to bear in order to 
prevent interference. Those of the first class are termed non-syri- 
tonic and those of the second class syntonic systems. 

riarconi. First form. The first complete system of wireless 
telegraphy was conceived and patented by William Marconi, w^ho, 
by employing greater power, larger radiating surfaces and improv- 
ing its details, was enabled to increase its effective range from 300 
feet to 2,000 miles. His first apparatus was simply an open-circuit 
apparatus of the non-syntouic type as a reference to the diagram 
Fig. 28, will show. 

The transmitter A includes an induction coil 1, energized by a 
battery 2, the current being broken up into the Morse code by the 
key 8; the coil is equipped with a spring interrupter 4; the ter- 
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minals of the secondary are connected to either side of the spark- 
gap 5, which with the atrial wire 6 and the earthed terminal 7, 
forms the oscillator system. The receiver B is made up of a 
coherer 1, the polarized relay 2, and the cell 3, all of which are 
connected in series and comprise the first internal circuit. The 
second internal circuit includes the contact points of the relay 2, 
the Morse register 4, the battery 5, and the tapper 6; the tapper 
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Diagram of Original Marconi Transmitter and Receiver. 
Fig. 28. 

and register may be in series or parallel; the aerial wire 9 and the 
earthed terminal 10 form the resonator. Choking coils 7 and 8 
are placed in the first internal circuit between the coherer and the 
relay to prevent oscillations from the resonator from wasting their 
energy in the relay coils, as well as to prevent those originating at 
the contacts of the relay from acting on the coherer. To the free 
ends of the serial wires were attached large sheets of metal termed 
capacity areas, but these are no longer deemed necessary. A pho- 
tograph of a Marconi station at Babylon, Long Island, is given in 
Fig. 29. 

Lodge. To Sir Oliver Lodge is due the credit of having 
evolved the first syntonic electric-wave apparatus based on the laws 
of resonance, and since nearly all the succeeding systems utilize 
these principles a brief review of his arrangement may prove use- 
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Marconi Wireless Telegraph System. 
Fig. 29. 

ful. In this system, instead of the usual serial and earth wires, 
two conical metal capacity areas are substituted; in Fig. 30, A, 1, 
and 2 represent the areas which are charged by an induction coil 




Iiodge Syntonic System. 
Fig. 30. 
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3 and which discharge through the spark-gap 4; the vahie of 
capacity can be changed by means of the adjustable condensers 5 
and 6; the values of inductance are also made variable by the coils 
7 and 8; the resistance of the circuit is negligible; it is obvious 
that a wave of predetermined length may now be obtained since it 
depends on the period of oscillation and this on the inductance and 
capacity of the circuit. The capacity areas are insulated from the 
post which supports them. The receiver B is formed of two similar 
capacity areas 1 and 2, and these are connected through the pri- 
mary of an oscillation transformer 3, the secondary of which 4 
leads to the coherer 5; the relay, tapper, and register are not 
shown but operate as previously described. 




Diagrammatic View of Slaby-Arco Multiple-Tuned Wireless- Telegi*aph 
Transmitter and Receiver. 

Fig. 31. 

The Slaby-Arco System, of German manufacture, is now 
extensively used in the United States Navy, and though retaining 
the serial wires and earthed terminals it is based on certain res- 
onance phenomena as will be seen. When an oscillation is set up 
in a wire, it will emit a wave four times its own length; if the wire 
is connected directly to the earth, as shown in Fig. 31, the greatest 
amplitude will be at the free end of the wire while the nodal point 
will be at the earthed end as indicated by the dotted lines. If, in 
the transmitter A, the earthed radiating wire 1 is connected to the 
spark-gap 2 and to the earth 3 through the inductance coil 4 and 
the condenser 5, then a combination of an open and a closed circuit 
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is formed, since the earth serves to close tlie circuit containing the 
spark-gap. Assuming that the inductance 4 and the capacity 5 is 
equal to that of the wire 6, then oscillations set up in the former 
will be impressed upon the latter which will radiate the energy in 
electric waves. In the receiver B similar conditions prevail; 1 is 
the receiving serial wire or antenna^ the oscillation having its 
greatest loop at a^ 2 is the nodal point forming an open-circuit 
resonator; a closed resonator circuit is formed by the inductance 
8, the coherer 4, condenser 5, and the earth 0; the point of greatest 
amplitude of the oscillations is arranged to correspond with the 




Slaby-Arco System. 
Fig. 32. 

coherer which receives the maximum potential as indicated in the 
dotted lines. A photograph of the complete system is shown in 
Fig. 32. 

riarconi. Second form. In seeking a solution for the 
problem of selectivity, Marconi produced a second system in which 
he eliminated the ferial wire, as in Lodge's scheme, but since 
grounded terminals were essential to long-distance transmissions, 
he retained these features. Fig. 83 is a diagrammatic view of the 
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Fig. 33. Diagram of Marconi Selective Wireless- 
Telegraph System. 



arrangement; the oscillator and resonator are compound, that is, 
each is of the nature of an open and a closed circuit. The trans- 
mitter A shows two concentric cylinders 1 and 2, separated by an 

air space and forming 
in reality a huge Leyden 
jar. The inner cylinder 
leads to earth and is also 
connected to the outer 
cylinder through the 
spark-gap 4 and the in- 
ductance coil 5. The 
receiver B has a similar 
cylinder 1 and 2; the 
outer is connected to the 
inner through the pri- 
mary of a small oscil- 
lation-transformer 4 and inductance 5; the coherer 6 is connected to 
the secondary coil thus forming another closed circuit. These cyl- 
inders do not radiate their energy in two or three swings, yet the 
oscillations are not sustained to such a point as to enfeeble the 
emitted waves; when syntonized to 
each other, selectivity may be ob- 
tained within certain limits. 

Braun-Siemens and Halske. 
One of the best theoretical syntonic 
systems is the Braun-Siemens and 
Ilalske of (iermany. Oppositely 
disposed to the one just described, 
Dr. Braun has retained the serial 
wires, but discarded the earthed 
terminals. The arrangement is 
shown graphically in Fig. 34. The 
fact that the atrial wire is one-fourth 
the length of the emitted wave, that 
the oscillations in one circuit can be 
transformed into another circuit, and 
that a closed circuit is a persistent oscillator while an open circuit 
is a strong radiator led to the design of the following apparatus: 




Fig. 34. Schematic Arrangement of 
Braun's Wireless-Telegraph System. 
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Uraun Resonance System. 
Fig. 35. 

In the transmitter A, the secondary of an induction coil 1, 
charges the oscillator system of which the spark-gap 2, the con- 
densers 3 3, and the primary 4 of a high-tension transformer are 
the complement; the transformer is shown in Fig. 27. The sec- 
ondary 5 of the transformer connects with the serial radiating w^ire 
6, while the lower wire 6' is made equal in length or it may be an 
inductance coil and capacity equal to that of the serial wire. The 

receiver B has a similar serial wire one fourth ( -j- ) the length of 
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the received wave length connected with a closed resonator circuit 
formed of the condensers 8, 8 and the primary of a small oscilla- 
tion transformer 9; the antenna 7 is balanced by an equal amount 
of capacity and inductance at its lower end 7'; the coherer 12 is 
placed in one arm of an open-circuit resonator; the secondary 11, 
of the transformer connecting with an opposite arm of equal elec- 
trical dimensions, completes the apparatus. Fig. 35 is a photo- 
graphic reproduction of the Braun -Siemens and llalske system. 




Fessendeu Combiued Seuding and Receiving Apparatus. 
Fig. 36. 

Fessenden. An American system designed by Reginald A. 
Fessenden is shown in Fig. 3(5; it contains several novel features, 
as the use of a cur rent-oj)e rated wave detector, invented by Prof. 
Fessenden and termed by him a barretter. The tuning of the cir- 
cuits is accomplished by a grid formed of wires immersed in oil 
that gives a variable capacity and inductance without the use of 



360 



Digitized by 



Google 



WIRELESS TELEGRAPHY 



31 




Fessenden Tuned System. 
Fig. 37. 

coils or condensers. By means of sliding contacts on the wires, 
the open-circuit oscillator may be tuned to the closed -circuit system 
so that both have exactly the same period. 

By referring to the diagram the arrangement will become 
clear. In this drawing the transmitter and receiver are combined 
as they are in practice, since the same serial and earth wires serve 
for sending and indicating the waves. The serial wire 1 is sup- 
plied with energy from the induction coil 2 through the spark-gap 
3; one side of the gap leads to the key 4, making connection with 
the tuning grid wires 5; these can be adjusted by the sliding con- 
tacts 0, 6 finally leading to the earth at 11. The receiving devices 
comprise a condenser 7 and a tuning grid 9 which connects with 
the barretter 10 through a holder containing a number of them at 
17, an electromagnet automatically breaking the circuit in which 
they are placed by the operation of the induction coil; the resonator 
circuit is completed by antenna 1 and the earth 11; the variation 
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Diagram of DeForest Wireless-Telegraph System. 
Fig. 38. 

of the current is read by means of a telephone receiver 12. The 
apparatus is very compact as Fig. 37 shows, it is rapid in operation 
and accurate in its translations. 

American Dc Forest. Another system using the telephone 
receiver as a means of indication is the American De Forest. This 
was the first commercial system to employ an alternating-current 
generator and an oil transformer to charge the oscillator system. 




DePorest Sjrstem Transmitter. 
Fig. 39. 
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The transmitter A, Fig. 38, includes an alternating-current gener- 
ator 1, an ordinary Morse key 2, with contacts breaking under oil, 
and a transformer 3. The serial wire 4 and earthed wire 5 form a 
simple open -circuit oscillator through the spark-gap 6; this system 
is supplied with energy by the condensers 7 and 8 which are 
charged by the secondary of the transformer. The receiver in its 
simplest form comprises a self-restoring detector invented by Dr. 
De Forest and E. II. Smythe, called an electrolytic resjponder — 
previously described under "Principles" — a cell and a telephone 
receiver. In practice, it takes on the form shown at B; two 
responders 1', 1" are connected with the serial wire and earth; the 




DeForest Receiver. 
Fig. 40. 

internal circuit includes the responders 1', 1", the choke coils 2', 
2", a resistance of 5,000 ohms 8, battery 4, condenser 5, telephone 
receiver 6, antenna 7, ground 8, and shunt switches 9', 9". This 
system has met with favor at home and abroad due largely to its 
simplicity and efficiency. Fig. 39 illustrates the transmitter and 
Fig. 40 the receiver. 

Branly-Popp. Especial interest is attached to the Branly- 
Popp system in virtue of the fact that Prof. Branly is the original 
inventor of the coherer. The chief feature of the newly-designed 
apparatus is a tripod coherer and the elimination of the regulation 
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tapping device. Fig. 41 is a diagram of the connections and Fig. 
42 shows the apparatus. The transmitter is of the usual induction- 
coil, open -circuit oscillator type. The coherer consists of three 
highly polished tapering steel legs, the lower points of which are 




Diagram Branly-Popp System. 
Fig. 41. 



slightly oxidized. The legs are fastened to a metal disc at the top, 
the points resting on a polished steel plate. In the photograph it 
will be observed that the coherer is placed immediately back of the 




Branly-Popp System. 
Fig. 42. 
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electromagnets of the Morse register, and when the armature is 
attracted by the magnets, a projecting hammer serves to tap the 
coherer, restoring the high resistance between the points and mak- 
ing the plate ready for, the succeeding impulse. 
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Lodge-MuJrhead System. 
Fig. 43, 




Lodgfe-riuirhead. Another recent example of the advances 
in wireless telegraph practice is the Lodge-Muirhead system, the 
schematic arrangement being shown in Fig. 43 and the complete 
apparatus in Fig. 4-i. The combination of open and closed oscil- 




Lodge-Muirhead System. 
Fig. 44. 



lator and resonator circuits will be recognized as well as the induct- 
ance coils and condensers for obtaining resonance effects. The 
receiver embodies a new rotating mercury coherer, in which a pol- 
ished steel disc is made to revolve so that its edge runs in, and 
therefore forms contact with, a column of mercury. Instead of a 
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telephone receiver or 
a Morse register, a 
syphon recorder such 
as is used for receiv- 
ing cable messages is 
employed and, owing 
to the comparatively 
wide variations of re- 
sistivity of the co- 
herer, this enables 
them to be connected 
direct, thus doing 
away w^th the usual 
relay. The equip- 
ment also includes a 
perforator, for pre- 
paring the messages 
so that they may be 

sent by an automatic or machine transmitter, although a manually 

operated key may be used if desired. 




ttmf^ 



Fig. 45. 



Transmitter Showing Conutvtlons IJi'tween 
Disperser and Induction Coll. 




Anders Bull's Electro-Mechanical System. Transmitter. 
Fig. 46. 
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Bull. In all the foregoing systems, where electric signaling 
was one of the objects to be attained, the desired results were 
striven for by utilizing the laws of electrical resonance. The solv- 
ing of the difficult problems of syntonization has, however, been 
attempted along other and more concrete lines embracing electro- 
mechanics of which the following inventions of Anders Bull are 
the best examples. In this system, the transmitter consists of a 
(I!spe?'fier B,nd an induction coil shown in Figs. 45 and 40; when 
in operation its function is to send out a fixed number of wave im- 




25 



Receiver, ShD^^inj? Connection Between Coherer Relay. Morse Register, and Collector. 

Fig. 47. 

pulses per given period of time; these waves actuate different re- 
ceivers adjusted in accordance with the pre-arranged time intervals. 
When the key closes the circuit of the battery 1 and the electro- 
magnet 2, the armature of the latter releases a clutch on the disc 
3 from the pin 4; the disc is rotated by a frictional shaft 5 making 
five revolutions per second. Every revolution of the disc causes 
the pin to close the circuit including the battery 7 and the elec- 
tromagnet 8; the disperser proper consists of a disc having attached 
thereto four hundred straight steel springs 9, their free ends passing 
through a radial slot in the upper revolving disc 10; a brass ring 11 
serves as a guide for the spring points and when the disc revolves 
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Bull's Electro-Mechanical System. Receiver. 
Fig. 48. 

they elide within a U-shaped groove 12 if attracted by the magnet 
or within the ring itself when there is no magnetic pull upon them. 
A bronze arc 13 causes the springs to bend toward the magnet 14, 
and being energized by the battery, they slide into the groove 
where they finally close the circuit of the magnet 20 controlling 
the induction coil 22. As the disc rotates, the springs make con- 
tact with projections extending around the frame at certain prede- 
termined intervals and in this way waves of prescribed frequency 
are consequently emitted. 

When these periodically emitted waves impinge upon the an- 
tenna of the receiving apparatus, Fig. 47, the coherer closes the 
circuit of the relay magnets 23; and the tapper 24, and the collector 
macrnet 25 are brougrht into action. The mechanism of the col- 
lector is exactly like that of the disperser and can therefore be 
instantly converted into a disperser. The discs of the disperser 
and collector revolve synchronously, hence if five electric wave 
series are transmitted, five springs will close the circuit at given 
intervals of time; the spring points 27 of the collector having the 
same relative arrangement as in the disperser the impulses operate 
similar contacts controlling the Morse register 28. In this system 
interference is not obviated, yet any one of a number of receivers 
in the same field of action may be operated to the exclusion of all 
others. The Bull receiver is shown in Fig. 48. 
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Electrical transmission of handwriting has engaged a certain 
amount of attention ever since telegraphic transmission of printed 
characters was successfully carried out. 

As early as 1886, Cowper and Robertson brought the writing 
telegraph' into a fairly operative form. This instrument was 
adapted to operate several receivers in series in "reporting" 
service, where the regular news ticker service was unobtainable or 
too exj)ensive. The system was put to some use, chiefly in Pitts- 
burg and vicinity. 

The writing was received on a paper tape, advanced at con- 
stant speed by clockwork. No pen -lifting device was provided 
and the words were connected together by a mark of the pen, 
making figure work poor. As the characters were formed by the 
combination of the pen motion and the tape motion, a certain 
amount of practice and skill was required to produce a legible 
message. 

The electrical features were as follows : two independent vari- 
able currents were obtained from the transmitter; these passed 
over lines to the receiver where they traversed two electromagnets 
set at right angles to each other, and so influenced their effect 
upon a common armature as to cause the receiver-pen rod to re- 
produce the motion of the transmitter j)encil. 

It will be noted that this principle is nearly identical with 
that of Gruhu's Telechipograph," recently described in the tech- 
nical press, the main differences being that the telechipograph • 
writes upon a larger field and uses a beam of light, and photo- 
graphic record instead of a pen with ink record. 

Following the writing telegraph. Professor Elisha Gray con- 
structed, at his Chicago laboratory, an instrument which wrote 
upon stationary paper, and which he called a telautograph. It 



1. Will. Maver. Jr., American Telegraphy. 

2. Scientijic American, August, 1903. 

•Prepared by James Dixon, E.E., and read by him before the American Institute 
of Electrical Engineers, October 28th, 1904. Reprinted by special permission. 
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required four line wires and operaUni as follows: by means of 
cords and drums the motions of the transmitting stylus were 
resolved into two component rotary motions which w^ere used 
to operate two mechanrical interrupters in the primary circuits of 
two induction coils. The relations of the parts were such that a 
motion of the transmitting stylus amounting to one-fortieth of an 
inch caused a complete make-and-break at one or both of the inter- 
rupters. 

The line currents were the impulses produced in the second- 
ary circuits of the induction coils. These impulses passed over 
lines to two electromechanical escapements in the receiver. By 
means of cords and drums, their motions were combined and 
caused to act upon the receiver pen. By the use of relays and 
condensers and a local battery at each receiver, the paper was 
advanced when necessary and the pen lifted from and lowered to 
the paper. The mechanical difficulties met with in perfecting this 
instrument were very great, and in the apparatus exhibited at the 
"World's Fair in Chicago in 1893 the escapement mechanism was 
brought to a perfection thought impossible of attainment only a 
short time before. The writing showed a saw-tooth or step-by- 
step character due to the action of the escapements. The instru- 
ment was abandoned on account of the number of line wires 
required, limited speed, numerous fine adjustments, and cost and 
difficulty of manufacture. 

In 1893, while still working at the escapement device, Pro- 
fessor Gray patented a variable-current instrument,* using two 
line wires, which worked, in a general way, like the present telau- 
tograph. The motions of the transmitter pencil were resolved 
into two components which were used to vary two line currents, 
the variable resistances being carbon rods dipping into tubes of 
mercury. The receiver contained two D'Arsonval movements, to 
the moving elements of which the pen -arms were attached. Pro- 
fessor Gray never developed this instrument much- beyond the 
laboratory stage, probably on account of his firm belief in the 
escapement ty{)e. 

Foster Ritchie, at that 'time an assistant to Professor Gray, 
gave considerable attention to this patent and perfected an instru- 



1. U. S. Patent 494,962, April 4. 1893. 
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nient based on it. He obtained a j)atent for improvements* and 
has produced an instrument that operates in a fairly satisfactory 
manner^ under certain favorable conditions. 

The telautograph has been brought to its present state chiefly 
througli experimental work done by, or under the personal direc- 
tion of, Mr, George L. Tiffany, to whom several patents' for 
improvements have been granted. Mr. Tiffany's instrument oper- 
ates upon the variable -current principle and includes a number of 
interesting features, among them what may be called a straight-line 
D'Arsonval movement, which is used to operate the receiver. 



Lino NA/iroa 



Receiver 



Trans nn it "ter 




Power 
Dir. Cur. 

Return 

Fig. 1. 

The operation may be briefly described thus: at the transmit- 
ter a pencil is attached by rods to two lever-arms which carry 
con tact -rollers at their ends. These rollers bear against the sur- 
faces of two current-carrying rheostats, connected to a constant- 
pressure source of direct current. Tlie writing currents pass from 
the rheostats to the rollers and from them to the line wires. When 
the pencil is moved, as in writing, the positions of the rollers uj)on 
the rheostats are changed, and currents of varying strength go out 
upon the line wires. At the receiver these currents pass through 
two vertically movable coils, suspended by springs in magnetic 

1. U. S. Pat. 666,828, AUR. 28, 1900. 

2. EUc. World and Engine fv, Dec. 8, 1900, Vol. XXXVI., No. 23. 
8. .U^S. Patents 668,889 to 668,895 luclusive, Feb. 26, 19U1. 
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fields, and the coils move up or down according to the strengths 
of the line currents. The motions of the coils are communicated 
to levers similar to those at the transmitter, and on these levers is 
mounted the receiver pen, which, by the motions of the coils, is 
caused to duplicate the motions of the sending pencil. Fig. 1 
shows the circuits of the instrument. 

Many of the principles and devices in the instruments are of 
considerable interest. The method by which the variable currents 
are obtained is the laboratory arrangement for securing a variable 
pressure from a direct-current, constant-pressure circuit; that is, 
the line circuit (of constant resistance) is connected as a shunt 
around that part of the rheostat between the moving roller and the 
ground or return. Motion of the roller varies the amount of resist- 
ance in series with the line and also the amount in parallel with it 
and fine gradations are easily obtained, giving smooth motion of 
the receiver pen. In this way a variable pressure is impressed on 
the line circuit, giving a variable current. In all the other variable- 
current instruments, a constant pressure was impressed on the line 
and a resistance in series with the line varied to give the desired 
variations in current. One result of the shunting method is a bet- 
ter form of rheostat, more easy of construction and handling, in 
which, also, the heating is better distributed. 

The rheostats are wound upon castings of I cross-section, w^ith 
the turns of wure lying close together on the inner or contact-face. 
After winding, the insulation on this face is saturated with glue, 
which is allowed to harden and is then scraped off, taking the 
insulation with it, and giving a surface where contact is possible 
on every turn of the wire. This gives a rheostat of a large num- 
ber of small steps, of good mechanical construction, and of low 
cost. 

The receiver ojHJrates w^th what may be called a straight-line 
d'Arsonval movement. The moving element or coil is wound upon 
a copper shell for damping effect. The magnetic circuit is so ar- 
ranged that one pole surrounds the other, forming an annular air- 
gap of short length and large cross-section in which the direction 
of the flux is radial. The field is electromagnetic and is highly 
excited, to secure uniformity. The coil, suspended in the annular 
space, moves up or down with little friction, as it touches the 
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Bides of the space of the core very lightly if at all. The principle 
is the well-known one that a current-carrying coil, in a magnetic 
field, tends to place itself with respect to the field so that the flUx 
enclosed by the coil shall be a maximum. 

The current for operating is taken from the ordinary lighting 
mains, preferably at about 115 volts. Satisfactory operation has 
resulted with pressures from 80 up to 250. At 115 volts, receiver 
and transmitter each require about one ampere while in operation. 
Fairly steady pressure is necessary as the receiver, being in effect 
a voltmeter, is rather sensitive to sudden changes, the effect being 
slight distortion of the message. 

A master-switch at the transmitter is provided to do all neces- 
sary switching of line and power circuits, to make needed changes 
in connections and to cut off current when not writing. A relay 
in one of the lines closes the power circuit of the receiver when- 
ever the transmitter at the distant station is switched on, and serves 
to prevent waste of current when not in operation. 

Attached to the master-switch is a mechanical device which 
shifts the transmitter paper the space of one line of ordinary writing 
for each stroke of the switch. The relay mentioned controls the elec- 
trical receiver paper shifter and, as each stroke of the switch causes 
a stroke of the relay, the receiver paper is shifted an amount equal 
to that at the transmitter. The writing space is about two inches 
long and five inches wide, allowing for three or four lines of writ- 
ing. When filled by messages, a few strokes of the switch serve 
to bring fresh paper into position at both receiver and transmitter. 

To prevent switching on of the transmitter while its home re- 
ceiver is receiving a message from the distant station, an electro- 
magnet lock is connected in the receiver power circuit, controlled by 
the relay, which locks the home transmitter in the '^off " position 
until the distant transmitter is switched off. If both transmitters 
were switched on at once, neither station would receive any mes- 
sage; the lock is provided to render this condition impossible. 

The ink supply is most important, and is arranged for as fol- 
lows: at the left of the receiver platen is a bottle with a hole in 
the front near the bottom. When filled with ink and tightly corked 
the ink does not run out of this hole because of the pressure of the 
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atmosphere. The ink is accessible for the pen at the hole and the 
surface of ink exposed to evaporation is small. 

The pen is made of a piece of German silver bent double, after 
the manner of a ruling pen, and makes a uniform line in any direc- 
tion over the paper. It takes up its supply by capillary attraction, 
fro!n the hole in the front of the bottle. When the receiver is 
switched off, retractile springs draw the pen-arms to stops so 
arranged as to bring the pen exactly in front of the hole in the 
bottle, and when the pen-lifter armature is released the pen is 
caused to insert its tip in the opening. Thus a fresh tilling of ink 
is obtained each time the paper is shifted. When not in use the 
pen rests in the ink, always ready to write. 

For the prevention of mechanical shocks to the necessarily 
light moving system of the receiver, it has been necessary to sup- 
ply means to prevent the switching on or off of the transmitter, 
and by that action of the receiver, when the transmitter pencil is 
''out in the field"; that is, at a position other than that corre- 
sponding to the opening in the receiver ink-bottle; as in that case 
the receiver pen would instantly jump to a similar position. This 
position is called the *' unison point," a term having its origin in 
the days of the "self-propellor" escapement telautograph. By 
placing a catch, released only by pressure of the pencil-point upon 
it, at the transmitter unison point, the desired result is accomplished 
and the transmitter master-switch can not be switched either "off" 
or "on" unless the pencil be placed at the unison point and held 
there until the stroke of the switch is completed. In this case, as 
everywhere, the apparatus is made strong enough to stand any 
possible shocks, although every precaution is taken to prevent their 
occurrence. Aside from the shock to the moving system these 
jumps might shake the ink supply out of the pen and prevent the 
recording of the message. 

The pen-lifter is a magnet placed back of the receiver writing 
platen, and carrying U])on its armature a rod adapted to engage 
with the pen -arm rods and raise the j)en clear of the paj)er when 
the macrnet is ener(rize<l. Tliis macrnet is controlled from the 
transmitter as follows: beneath the tranpmitter platen is a spring- 
contact, opened by jjressure of the pencil upon the paper, and 
closed by a spring when the pencil is raised. An induction coil 
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having an interrupter in its primary circuit is so connected to thfs 
spring-contact that when the pencil is raised the primary winding 
is short-circuited. The induction coil has two independent sec- 
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SAMPLE OF WRITING 

Made esp<*clally for the American School of Correspondence over a distance of about 20 

miles. At the left Is shown the original, at the right the reproduction. 

ondary windings through which the two variable line currents pass 
before leaving the transmitter. The effect of the induction coil 
and its interrupted primary current is to induce, in the two line 



875 



Digitized by 



Google 



THE TELAUTOGRAPH 



currents, superimposed vibrations or ''ripples" when the pencil is 
pressed down on the paper and the spring-contact is open. When 
the contact is closed, by its spring, and the primary winding is cut 
out, no vibrations are produced in the line currents. In one of the 
line wires, at the receiver, is placed a relay upon whose s*heet-iron 
diaphragm armature is mounted a loose contact, consisting of two 
platinum-silver contacts in series, sealed in a glass tube, to pre- 
vent oxidation. A local circuit contains the winding of the pen- 
lifter magnet and this loose contact. 

When the vibrations are present in the line current, due to 
the pressure of the pencil upon the paper and consequent opening 
of short circuit of the primary of the induction coil, the diaphragm 
of the relay is shaken, the loose contact opened, and the pen -lifter 
de-energized, its armature being drawn back by a spring and the 
pen being allowed to rest against the paper. When there are no 
vibrations in the line currents due to the raising of the pencil from 
the paper, the relay diaphragm is at rest, the pen -lifter is energized, 
and the pen is lifted clear of the paper. 

The superimposed vibrations used for operating the pen-lifter 
have another minor effect. The suspended coils, and through 
them the entire moving system of the receiver, are kept in a state 
of very slight mechanical vibration while the pen is on the paper. 
This aids the flow of ink from the pen-point, assists the pen in 
passing over any roughness or irregularity in the surface of the 
paper, and materially reduces friction in the joints and pivots of 
the moving system, and results in better writing. In some of the 
later instruments, the two relays, that for pen -lifting and that for 
paper-shifting and power-switching, are combined in a single 
piece of apparatus. 

For signaling, a push-button is placed upon the transmitter 
and a call-bell or buzzer is mounted on the receiver. This circuit 
is disconnected by the master-switch while a message is being 
written. Spring reels are attached when needed to roll up the 
received messages for preservation and future reference. 

The ordinary arrangements for operation are as follows: the 
instruments may be operated singly, upon a private line having an 
instrument at each end, or on an exchange system where a switch- 
board provides for connection. Working in this way, satisfactory 
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writing has been obtained with a resistance in each line wire of 
1,600 ohms and an operating pressure of 110 volts. Multiple 
operation can be carried out to a limited extent, three receivers 
being at present the maximum number that can be operated at 
once, in multiple, using 110 volts. This allows of placing a 
supervisory machine upon a line. 

When no response to messages beyond a bell signal is required, 
and the same message is to be sent to a number of stations, a series 




Fig. 2. 

arrangement of receivers is used. With a transmitting pressure 
of 110 volts a maximum of seven receivers can be ojHJrated from a 
single pair of transmitting rheostats and rollers. This number 
may be increased by increasing the pressure or by adding addi- 
tional rheostats and rollers, operated by the same pencil. Using 
lx)th these methods a maximum of 50 or more receivers may be 
operated at once. 

Instances in actual commercial use of the arrangements of 
instruments mentioned are: private lines; the transmission of mail 
and other orders from office to factory or yards; investigation of 
checks over lines between paying tellers and bookkeepers in banking 
concerns, and transmission of messages, usually in cipher, between 
brokerage firms and cable or telegraph offices. A few moments' 
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thought will bring to mind many places where a telautograph 
private line could be used to save time and trouble, especially 
where accurate transmission of figures is essential. 

Multiple operation may be resorted to when a third station 
upon a line desires a record, accessible at any time, of what is being 
sent, as, for instance, when one of the officers of a bank desires to 
know what passes between his bookkeepers and paying tellers. 
On such a line the third station receives all messages and can write 
to either or both of the other stations, should the necessity arise. 

Series operation may be used when several stations are to 
receive the same message and no response except a bell signal is 
required, as in sending orders in a hotel or club from dining room 
to kitchen, pantry and wine room; in " reporting " or news service, 
or for bulletin work, such as the announcement of arrival and 
departure of trains to a number of stations in a large railway 
station or freight depot. Fig. 2 shows the standard commercial 
instrument. 

One of the most important uses for series systems has been 
found in the U. S. Coast Defense Service, in sending ballistic 
data, such as range and azimuth of target, or character of pro- 
jectile, from position-finding stations to the gunners. This is 
called "fire-control communication" and is installed in the forts 
by the U. S. Signal Corps. In a paper presented by Col. Samuel 
Reber on "Electricity in the Signal Corps,'" will be found a 
description of the position-finding systems. The desired character- 
istics of a system of communication for sending this data to the 
guns are stated as follows: 

"The system that will successfully solve this problem must be sim- 
ple ill construction, niechanically strong so as not to be affeeteii by the 
blast, as the receivers are placed close to the guns, rapid in operation, and 
give a character of record that can be read without liability of error." 

Since that pa])er was prepared, it has been decided that the 
receivers must be mounted directly on the gun-carriage and can 
have no shelter other than that afforded by their own cases. Add 
to these requirements the facts that the instruments must be cared 
for by post electricians, and operated by enlisted artillerymen; 
that messages must be visible at night; and the operation must be 



1. TaANSACTioNS, A. I. E. E., Vol. XIX., pp. 723 and 724. 



S7a 

Digitized by 



Google 



THE TELAUTOGRAPH 



11 



independent of rain, salt mists, cold, heat, or tropical insects, and 
it is apparent that no easy problem is presented. 

A special type of telautograph has been designed for this serv- 
ice and has been adopted by the U. S. Signal Corps* for fire- 
control communication. 

In this service "telautograph," the rather delicate pen -lifter 




Fig. 3. 

relay is eliminated and the receiver pen-lifters are operated over a 
third line wire by the transmitter platen switch directly. 

Each gun receiver is enclosed in a water-tight brass case, sus- 
pended by springs from the gun carriage directly in front of the 
gunner. The parts are as far as possible made '^ brutally strong," 
and the construction is as simple as possible. 

The desired rapidity of operation is inherent to the telauto- 
graph, and accuracy of record is ensured by careful WTiting and by 
the use of a "home" receiver, mounted at the transmitter where 
the operator can see it plainly, which is connected in series with 



Transactions, A. I. E. E., Vol. XIX., p. 673. 
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the gun receivers and records the messages as actually sent over 
the line. 

Freezing of ink is prevented by the addition of alcohol; and 
rain, mists, and insects, as well as the effects of the blast, are shut 
out by the metal case. A heavy glass window is placed in the 
case so that messages can be read without opening the case. 

A small incandescent lamp inside the case lights automatic- 
ally when the receiver is writing and may be lighted by pressing 
a button at other times, thus providing for visibility at night. 
Fig. 3 shows the army type of receiver mounting. 

On warships there is a somewhat similar service to be ren- 
dered and the performance of this should fall to the army type of 
telautograph. 

Commercial service has given opportunity for the installation 
of a considerable number of private line telautographs in actual 
use, and at least three of each of the other typical installations are 
in operation at the present time. 

Much of the improvement in details of construction and reli- 
ability in operation has resulted from experience gained in efforts 
to perfect the service of these commercial plants. The experience, 
leading up to the special army type of telautograph has extended 
over a period of about five years and in the present instrument all 
the requirements, unusually severe as they are, have been success- 
fully fulfilled. 
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INSULATORS FOR TRANSMISSION LINES. 



Line insulators, pins, and cross-arms all go to make up paths 
of more or less conductivity between the wires of a transmission 
circuit. The amount of current flowing along these paths from 
one conductor to another in any case will depend on the combined 
resistance of the insulators, pins, and cross-arm at each pole. 

As a general rule, the wires of high-voltage transmission cir- 
cuits are used bare because continuous coverings would add materi- 
ally to the cost with only a trifling increase in effective insulation 
against high voltages. In some instances the wires of high-pres- 
sure transmission lines have individual coverings for short dis- 
tances where they enter large cities, but often this is not the case. 
At Manchester, New Hampshire, bare conductors from water-power 
plants enter the substation, well within the city limits, at 12,000 
volts. From the water power at Chambly the bare 25,000 -volt 
circuits, after crossing the St. Lawrence River over the great Vic- 
toria Bridge, pass overhead to a terminal house near the water 
front in Montreal. In order to reach the General Electric Works, 
the 80,00()-volt circuits from Spier Falls enter the city limits of 
Schenectady, New York, with bare overhead conductors. 

Where transmission lines pass over a territory exposed to cor- 
rosive gases, it is sometimes desirable to give eacli wire a weather- 
proof covering. An instance of this sort occurs near Niagara Falls 
where the aluminum conductors forming one of the circuits to 
Buffalo are covered with a braid that is saturated with asphaltum. 

Each path, formed by the surface of the insulators of a line 
and the pins and cross-arm by which they are supported, not only 
wastes the energy represented by the leakage current passing over 
it, but may lead to the charring and burning of the pins and cross- 
arm by this current. To prevent such burning, the main reliance 
is to be placed in the surface resistance of the insulators rather 
than that of pins and cross- arms. These insulators should be made 
of glass or porcelain, as far as past experience is a guide, and 
should be used dry, that is, without oil. In some of the early 
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transmission lines, insulators were used on which the lower edges 
were turned inward and upward so that a circular trough was 
formed beneath the body of the insulator, and this trough was filled 
with heavy petroleum. It was found, however, that this trough of 
oil served to collect dirt and thus tended to lower the insulation 
between wire and cross-arm, so that the practice was soon aban- 
doned. Glass and porcelain insulators are rivals for use on high- 
tension lines and each has advantages of its own. Porcelain 
insulators are much stronger mechanically than are those of glass, 
and are not liable to crack because of unequal internal expansion, 
a result sometimes met with where glass insulators are exposed to 
a hot morning sun. In favor of glass insulators it may be said 
that their insulating properties are quite uniform, and that, unlike 
porcelain, their internal defects are generally apparent on inspec- 
tion. In order to avoid internal defects in large porcelain insula- 
tors, it has been found necessary to manufacture some designs in 
several parts, and then cement the parts of each insulator together. 

Defective insulators may be divided into two classes — those 
that the line voltage will puncture and break, and those that 
permit an excessive amount of current to pass over their surfaces 
to the pins and cross-arms. Where an insulator is punctured and 
broken, the pin, cross-ann, and pole to which it is attached, are 
liable to be burned up. If the leakage of current over the surface 
of an insulator is large, not only may the loss of energy on the 
line where the insulator is used be serious, but this energy follows 
the pins and cross-arm in its path from wire to wire, and gradually 
chars the former, or both, so that they are ultimately set on fire or 
break through lack of mechanical strength. The discharge over the 
surface of an insulator may be so large in amount as to have a dis- 
ruptive character, and thus to be readily visible. More frequently 
this surface leakage of current over insulators is of the invisible 
and silent sort that nevertheless may be sufficient in amount to char, 
weaken, and even ultimately set fire to pins and cross-arms. 

All insulators, whether made of glass or porcelain, should be 
tested electrically to determine their ability to resist puncture, and 
to hold back the surface leakage of current, before they are put 
into practical use on high-tension lines. Experience has shown 
that inspection alone cannot be depended on to detect defective 
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glass insulators that will fail when put into service on high-voltage 
lines. Electrical testing of insulators serves well to determine the 
voltage to which they may be subjected in practical service with 
little danger of puncture by the disruptive passage of current 




INSULATOR. ARC TO METAL PIN AT 96.000 VOLTS. 
Precipitation \ inch per minute. Diameter 14". 
30^ above horizontal. Height 12". 

Duration of test, 15 minutes. Weight 22 lbs. 
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through their substance. It is also po88i])le to determine the volt- 
age that will cause a disruptive discharge of current over the 
surface of an insulator, wlien the outer jmrt of this surface is either 
wet or dry. This is as far as electrical tests are usually carried, 
but it seems desirable that such tests should also determine the 
amount of silent, invisible leakage over the surface of insulators 
both when they are wet and when they are dry, at the voltage 
which their circuits are intended to carry. Such a test of silent 
leakage is important because this sort of leakage chars and weakens 
insulator pins, and sets fire to them and cross-arms, besides repre- 
senting a waste of energy. 

The voltage employed to test insulators should vary in amount 
according to the purpose for which any particular test is made. 
Glass and porcelain, like many other solid insulators, will with- 
stand a voltage during a few minutes that will cause a puncture 
if continued indefinitely. In this respect these insulators are 
unlike air, which allows a disruptive discharge at once when the 
voltage to which it is exposed reaches an amount that the air can- 
not permanently withstand. Because of this property of glass and 
porcelain insulators, it is necessary in making a puncture test, to 
employ e voltage much higher than that to which they are to be 
permanently exposed. In good practice it is thought desirable to 
test insulators for puncture with at least twice the voltage of the 
circuits which they will be required to permanently support on 
transmission lines. 

For the first transmission line from Niagara Falls to Buffalo, 
which was designed to operate at 11,000 volts, the porcelain insu- 
lators were tested for puncture with a voltage of 40,000, or nearly 
four times that of the circuits they were to support. 

Porcelain insulators for the second line between Niagara Falls 
and Buffalo, after the voltage of transmission had been raised to 
22,000, were given a puncture test at 60,000 volts. Of these in- 
sulators tested at 00,000 volts only about 3 per cent proved to be 
defective. These puncture tests were carried out by placing each 
insulator upside down in an open pan containing salt water to a 
depth of two inches, partly filling the pin hole of the insulator with 
salt water, and then connecting one terminal of the testing circuit 
with a rod of metal in the pin hole, and the other terminal with 
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the pan. Alternating current was employed in these tests, as is 
usually the ease, and they are mentioned in Volume XVIIT, Trans- 
actions A.I.E.E., pages 514 to 520. For the transmission lines 
between Spier Falls, Schenectady, Albany, and Troy, where the 
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voltage is 30,000 the insulators were required to withstand a punc- 
turing test with 75,000 volts for a period of live minutes, after 
they had been soaked in water for 24 hours. 
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There is some difTereiice of opinion as to the proper duration 
of a puncturing test, the practice in some cases being to continue 
the test for only one minute on each insulator, while in other cases 
the time runs up to five minutes or more. As a rule, the higher 
the testing voltage compared with that under which the insulators 

will be regularly used, 
the shorter should be 
the period of test. In- 
stead of being tested in 
salt water as above de- 
scribed, an insulator may 
be screwed onto an iron 
pin of a size that fits its 
threads, and then one 
side of the testing cir- 
cuit put in contact with 
the pin, and the other 
side connected with the 
wire groove of the in- 
sulator. Care should be 
taken where an iron pin 
is used either in testing 
or for regular line work, 
that the pin is not 
screwed hard up against 
the top of the insulator, 
as this tends to crack 
off the top, especially 
when the pin and insu- 
lator are raised in tem- 
perature. Iron expands 
at a much higher rate 
than glass or ])orcelain, 
and it is desirable, where an iron pin is screwed into the insulator, 
to place a washer of leather or cork over the top of the pin so that 
the iron will not press hard against the inside of the insulator top. 
In this way a little room for expansion is provid^^d by compression of 
the washer. There seems to be some reason to think that an insula- 
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tor will puncture more readily when it is exposed to severe mechan- 
ical stress by the expansion of the iron pin on which it is mounted. 

Tests of insulators are usually made with alternating current, 
and the form of the voltage curve is important, especially where 
the test is made to determine what voltage will arc over the surface 
of the insulator from the line wire to the pin. The square root of 
the mean square for two 
curves of alternating vol- 
tage, as read by a volt- 
meter, may be the same 
though the maximum volt- 
ages of the two curves 
differ w^idely. In tests for 
the puncture of insulators, 
the average alternating 
voltage applied is more 
important than- the maxi- 
mum voltage shown by the 
highest points of the pres- 
sure curve, because of the 
influence of the time ele- 
ment with glass and porce- 
lain. On the other hand, 
when the test is to deter- 
mine the average voltage at 
which current will arc over 
the insulator surface from 
the line wire to the pin, the 
maximum value of the pres- 
sure curve should be taken 
into consideration because 
air has no time element, 
but permits a disruptive 
discharge under a merely 
instantaneous voltage. 

Alternators used in transmission systems usually conform 
approximately to a sine curve in the instantaneous values of the 
pressures they develop, and it is therefore desirable that tests on line 
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insulators be made with voltages whose values follow the sine curve. 
Either a single transformer or several transformers in series may 
be employed to step up to the required voltage, but a single trans- 
former will usually give better regulation and greater accuracy. 
An air gap between needle j)oint8 is not a very satisfactory means 

by which to detennine the 
average voltage on a testing 
circuit, because, as already 
pointed out, the sparking 
distance between the needle 
points depends mainly on 
the maximum instantane- 
ous values of the voltage, 
which may vary with the 
load on the generator and 
the saturation of its mag- 
nets. For accurate results 
a step-down voltmeter 
transformer should be used 
on the testing circuit. 

An insulator that re- 
sists a puncture test per- 
fectly may fail badly when 
subjected to a test as to the 
voltage that wmII arc over 
its surface from line- wire 
to pin. This arc-over test 
should be made with the 
outer surface of the insu- 
lator both wet and dry. For 
the purpose of this test the 
insulator should be screwed 
onto an iron pin, or onto a 
wooden pin that has been covered with tinfoil. One wire of the 
testing circuit should then be secured in the groove of the insulator, 
which should preferably be on top, and the other wire should be 
connected to the iron or tinfoil of the pin. The voltage that will 
arc over the surface of an insulator from the line wire to the pin 
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depends on the conditions of that surface and of the air. In light 
air, such as is found at great elevations, an arc will junap a greater 
distance than in dry air near the sea level. A fog increases the 
distance that a given voltage will jump between a line-wire and 
its insulation pin, and a heavy rain lengthens the distance still 
further. The heavier the downpour of rain the greater is the dis- 
tance over the outside surface of an insulator that a given voltage 
will arc over. The angle at which the falling water strikes the 
insulator surface also has an influence on the voltage required to arc 
over that surface, a deviation from a downpour perpendicular to 
the plane of the lower edge of the petticoat of the insulator seeming 
to increase the arcing distance for a given voltage. 

An insulator should be given an arc-over test under condi- 
tions that are approximately the most severe to be met in practice. 
These conditions can perhaps be fairly represented by a downpour 
of water that amounts to a depth of one inch in five minutes for 
each square inch of the plane included by the edge of the largest 
j)etticoat of the insulator, when the direction of the falling water 
makes an angle of 45 degrees with that plane. A precipitation of 
one inch in depth on a horizontal plane during five minutes seems 
to be a little greater than any recorded hy the United States 
Weather Bureau. Under the severe conditions Just named, the 
voltage recjuired to arc over the insulator surface from line-wire to 
pin should be somewhat greater at least than the normal voltage 
of the circuit where the insulator is to be used. For the trans- 
mission line between Spier Falls and Schenectady, on which the 
maximum voltage is 30,000, the insulators were required to stand 
a test of •42,000 volts when wet, without arcing over from line- 
wire to pin. In these wet tests the water should be sprayed evenly 
onto the insulator surface like rain, and the quantity of water 
that strikes the insulator, in a given time, should be measured." 

When the outside of an insulator is wet, it is evident that 
most of the resistance between the line wire and the insulator pin 
must be offered by the inside surface of the petticoat of the insula- 
tor and by the air between the lower edge of the petticoat and the 
pin or cross-arm. For this reason an insulator that is to with- 
stand a very high voltage so that no arc will be formed over its 
wet outside surface, must have not only a wide, dry surface under 



Digitized by 
891 



Google 



10 INSULATORS 



its {)etticoat, but also a long distaDce through the air between the 
lower wet edge of the insulator and the pin or cross-arm. In 
some tests of line insulators reporttnl in Volume XX, Transactions 
A.I.E.E., })ages 521 to 525, the results show that the voltage required 
to arc over from line-wire to j)in de[)end8 on the shortest distance 
Ih^tween them, rather than on the distance over tlie insulator sur- 
face. Three insulators, numbered 4, 5, and 7 in the trial, were in 
each case tested by a gradual increase of voltage until a discharge 
took ])lace between the wire and pin. The pins were coated with 
tinfoil, and the testing voltage was applied to the tie wire on each 
insulator and to the tinfoil of its pin. Insulators 4, 5, and 7 per- 
mitted arcs from wire to pin when exposed to 73,800, 74,700, and 
74,700 volts respectively, the surfaces of all being dry and clean. 
The shortest distances between wires and pins over insulator sur- 
face and throngli air were (ijj, <>|, and 7^ inches respt^ctively for 
the three insulators, so that the arcing voltages amounted to 11,140, 
11,952, and U,47i) per inch of these distances. Measured along 
their surfaces the distances between wires and pins on these three 
insulators were 8, llj^, and 15i inches respectively, so that the 
three arcing voltages, which were nearly equal, amounted to 9,225, 
0,()4(),and 4,811) per inch of these distances. These figures make 
it plain that the arcing voltage for each insulator depends on the 
shortest distance over its surface and through the air, from wire 
to pin. It might be expected that the voltage in any case would 
arc equal distances over clean, dry insulator surface or through the 
air, and the experiments just named indicate that this view is ap- 
proximately correct. The sparking distance through air between 
needle points, which is greater than that between smooth surfaces, 
is 5.85 inches with 70,000 volts, and 7.1 inches with 80,000 volts 
according to the report in Volume XIX, A.I.E.E., page 721. 
Comparing these distances with the shortest distances between 
wires and ])ins in the tests of insulators numbered 4, 5, and 7, 
which broke down at 73,800 to 74,700 volts when dry, it seems 
that a given voltage will arc somewhat further over clean, dry 
insulator surface than it will through air. This view finds support 
from the fact that only a part of each of the shortest distances 
between w^ire and ])in was over insulator surface, the remainder 
being through air alone. 
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The fact that the dry part of the surface of an insulator and 
the air between its lower wet edge and the pin or cross-arm offer 
most of the resistance between the line-wire and the pin and cross- 
arm, is plainly brought out by the results of the tests above men- 
tioned, in the cases of insulators numbered 4 and 7. While 73,800 
volts were required to arc from line wire to pin when the entire 
insulator was diy and clean, the arc was formed at only 53,400 
volts during a moderate rain storm, in the case of number 4 insu- 
lator. With insulator number 7 the arcing voltage was 74,700 
when the entire surface was clean and dry, but the arc from wire 
to pin was started with 52,800 volts during a moderate rain. 
Number 5 insulator seems to present an erratic result, for when 
dry and clean the arc jumped from wire to pin at 74,700 volts, and 
yet during a moderate rain no arc was formed until a voltage of 
70,400 was reached. For each of the seven insulators on which 
tests are reported as above, tlie voltage required to arc from line- 
wire to pin was nearly or quite as great during a dry-snow storm 
as when the insulator surface was clean and dry. When the insu- 
lators were covered with wet snow their surface insulation broke 
down at voltages that were within 10 per cent above or below the 
arcing voltages during a moderate rain in five cases. With two 
insulators the arcing voltages, when they were covered with wet 
snow, w^ere only about 60 per cent of the voltages necessary to 
break down the surface insulation between wire and pin during a 
moderate rain. 

When the outside surface of an insulator is wet, as during a 
moderate rain, it seems that the under surface of the insulator, and 
the distance through air from the lower wet edge of the insulator 
to the pin or cross-arm, make up most of the insulation that pre- 
vents arcing over from the wire to the pin or cross-arm. It further 
appears that it is useless to extend the distance across the dry 
under surface of the insulator indefinitely without a corresponding 
increase of the direct distance throucrh air from the lower wet 
edge of the insulator to the wood of cross-arm or pin. Insulator 
number 7 in the tests under consideration had a diameter at the 
lower edge of its outer petticoat of 7 inches, and was moirnted on 
a standard wooden pin. The diameter of this pin in the plane of 
the lower edge of the insulator was probably about 1^ inches, so 



Digitized by 



Google 



12 INSULATORS 



that the radial distance through air from this edge to the pin must 
have been 2| inches approximately. During a moderate rain the 
surface insulation of this insulator broke down and an arc was 
formed from wire to pin with 52,800 volts. The sparking distance 
between needle points at 50,000 volts is 3.55 inches, according to 
Volume XIX A.I.E.E., page 721 and must be shorter between 
smooth surfaces, such as the wire. and pin in question, so that 
nearly all of the 52,800 volts in this case must have been required 
to jump the 2 J inches of air, leaving very little to overcome the 
slight resistance of the wet outside surface of the insulator. On 
this insulator the surface distance from wire to pin was 15 J inches, 
while the shortest breaking distance was only 7J inches, so that 
the distance across the dry under surface of the insulator must 
have been 15| - (7 J - 2g) = lOA inches approximately. It is 
evidently futile to put a path lOJ inches long across dry insulator 
surface in parallel with a path only 2j| inches long in air, as an arc 
will certainly jump this shorter path long before one will be 
formed over the longer. The same line of reasoning applies to 
number 3 insulator in this test, which had a diameter of 6| inches, 
a surface distance from wire to pin of 13 inches and a minimum 
distance of 7^ inches, and whose surface insulation broke down at 
48,000 volts during a moderate rain. The absolute necessity of in- 
creasing the distance between the lower wet edges of insulators and 
the pins and cross-arm, as well as the distance across the dry under 
surfaces of insulators, has led to the adoption of the so-called 
umbrella type for some high-voltage lines. In this type of insu- 
lator the main or outer petticoat is given a relatively great 
diameter, and instead of being bell-shaped is only moderately con- 
cave on its under side. With an insulator of this tyj>e mounted on 
a large, long pin, the lower edge of the umbrella-like petticoat may 
be far removed from the pin and cross-arm. Beneath the large 
petticoat of such insulators for high voltages there are usually one 
or more smaller petticoats or sleeves that run down over the pin, and 
increase the distance between it and the lower edge of the largest 
petticoat, if this distance is measured entirely through the air. 

The inner petticoat or sleeve that runs dowm over the pin and 
sometimes reaches nearly to the cross-arm, of course becomes wet 
on its outside surface and at its lower edge during a rain, but 
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Insulators on Transmission Lines. 



Location of Line. 



Electra to San Francisco 

Colgate to Oakland, Cal 

Cano^ Ferry to Butte 

Shawinigan Fails to Montreal 

Provo around Utah Lake 

Santa Ana River to Los Angeles. . . 

Spier Falls to Schenectady 

Apple River Falls to St. Paul 

Ohambly to Montreal 

Niagara Falls to Buffalo 

Portsmouth to Pelham, N. H 

Garvins Falls to Manchester, N. H< 



Voltage 
of 


Material 
of 


Inches 
Diameter 


Line. 


Insulator. 


of 
Insulator. 


eo,ooo 


Porcelain 


11 


60,000 


Porcelain 


11 


50,000 


Glass 


9 


50,000 


Porcelain 


10 


40,000 


Glass 


7 


33,000 


Porcelain 


6?i 


30,000 


Porcelain 


sx 


25,000 


Glass 


7 


25,000 


Porcelain 


5X 


22,000 


Porcelain 


^X 


13,000 


Porcelain 


5>i 


12,000 


Glass 


5 



Inches 
Helapht 

Insulator. 

13 
5% 

^X 

6% 

5% 

6X 

7 

3% 

^% 



between this lower wet part of the inner petticoat, or sleeve, and 
the lower wet edge of the larger outside petticoat, there is a wide, 
dry strip of insulator surface. A result is that an arc over the 
surface of the outside petticoat can only reach the wet edge of the 
sleeve by crossing the strip of dry under surface or jumping 
through the air. 

The same type of insulator is used on the 60,000-volt lines 
between Electra and San Francisco, and between Colgate and 
Oakland, each insulator having an outer petticoat 11 inches diam- 
eter and one inner petticoat or sleeve 6| inches diameter. This 
inner petticoat runs down the pin for a distance of 7 J inches below 
the outer petticoat. Slightly different pins are used for mounting 

Insulators on Transmission Lines. 



LOCATION OF Link. 



Electra to Ban Pranciseo 

Colgate to Oakland 

Canon Ferry to Butte 

Hhawinigan to Montreal 

Banta Ana River to Los Angeles. . . 

Bpier Falls to Schenectady 

Niagara Falls to Buffalo 

Chambly to Montreal 



Inches 


Inches 


Inches 


from 


from 


from 


top of 


outside 


lowest 


Insulator 


petticoat 


petticoat 


to 


to 


to 


cross-arm. 


cross-arm. 


cross-arm. 


14X 


11 


SX 


16 


n% 


4 


13X 


7% 


IX 


WX 


11% 


3% 


6% 


z% 


10% 


7% 


10 


b% 


8 


8>^ 


*x 


2 



Inches 
from edse 
of outside 

to edge 
of lowest 
petticoat. 

^X 

7X 

6% 

8% 



3% 

^X 

2X 



On each of the lineB named in this table the wires are strung on the 
tops of their insulators. 



899 



Digitized by 



Google 



14 INSULATORS 



the insulators on the two transmission lines just named, so that 
on the former the distance through air from the lower edge of the 
outer petticoat to the cross-arm is 11 inches, and on the latter the 
corresponding distance is 11^ inches. On the Electra line the 
lower edge of the inner petticoat of each insulator is about 3^ 
inches, and on the Colgate line about 4 inches above the cross-arm. 

The Canon Ferry line is carried on insulators, each of which 
has three short petticoats, and a long separate sleeve that runs 
down over the pin to within 1| inches of the cross-arm. This 
sleeve makes contact with its insulator near the pin hole and elec- 
trically may be considered a part of it. The outside petticoat of 
each insulator on this line is 7| inches above the cross-arm, and 6^ 
inches above the lower end of the sleeve. Both the main insu- 
lator and the sleeve in this case are of glass. 

White porcelain insulators are used to support the 50,000- 
volt Shawinigan line and are of a design that has not come into 
general use elsewhere. Each of these insulators has three petti- 
coats ranged about a central stem so that their lower edges are 4| 
inches, 9 inches and 13 inches respectively, below the top. The 
highest petticoat is 10 inches, the intermediate 9| inches, and the 
lowest 4J 'inches in diameter. The height of this insulator is 13 
inches, compared with llj inches for those used on the Electra 
and Colgate lines, and 12 inches for the combined insulator and 
sleeve used on the Canon Ferry line. When mounted on its pin, 
this insulator on the Shawinigan line holds its wire 16^ inches 
above the cross-arm, compared with a corresponding distance of 
14J inches on the Electra, 15 inches on the Colgate, and 13J 
inches on the Canon Ferry line. The two upper petticoats on each 
of these insulators are much less concave than the lowest one, and 
the edges of all three stand respectively 11|, 7J, and 3J inches 
above the cross-arm. From the edge of the top to the edge of the 
bottom petticoat, the distance is 8^ inches. 

Of the three transmission lines above named, that operate at 
50 to 60 thousand volts, that between Shawinigan Falls and Mon- 
treal leads as to distances between the line-wire and insulator pet- 
ticoats, and the cross-arm. On the Santa Ana line, where the 
voltage is 33,000, the insulator is of a more ordinary type, being 
of porcelain, 03- inches in diameter, 4| inches high, and having the 
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lower edges of its three petticoats in the same plane. Each of 
these insulators holds its wire 8g inches above the cross-arm, and 
has all of its petticoats 3^ inches above the cross-arm. Unlike the 




TWO PART INSULATOR 
UP TO 30,000 VOLTS 




PORCELAIN INSULATOR 
WITH IRON PIN ♦BUILT UP. 




6Q000 NAXT INSULATOR 
AND RN. 



GLASS INSULATOR FOR 
55POO VOLTS. 



three insulators just described, which are mounted on wooden pins, 
this Santa Ana insulator has a pin with an iron core, wooden thread 
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and porcelain base. This base extends up from the cross-arm a dis- 
tance of 8^ inches, and the wooden sleeve, in which the threads for 
the insulator are cut, runs down over the central bolt of the pin to 
the top of the porcelain base, which is | inch below the petticoats. 

The 30,0()()-volt lines from Spier Falls are carried 10| inches 
above their cross-arms by triple petticoat porcelain insulators. 
Each of these insulators is 8^ inches in diameter, 6| inches high, 
and is built up of three parts cemented together. A malleable- 
iron pin cemented into each insulator with pure Portland cement 
carries with it the outside petticoat 7^ inches, and its lowest petti- 
coat 4^ inches above the cross-arm. When the voltage on the 
Spier Falls lines was raised from about 13,000 to from 26,500 to 
30,000, the circuits being carried in part by one-piece porcelain 
insulators, a number of these insulators were punctured at the 
higher pressures, and some cross-arms and poles were burned as a 
result. No failures resulted on those parts of these lines where 
the three-part iiisulators were in use. The second pole line between 
Niagara Falls and Buffalo was designed to carry circuits at 22,000 
volts, or twice that for which the first line was built. Porcelain 
insulators were employed on both of these lines, but while the 
11,000-volt line was carried on three-petticoat insulators, each 
with a diameter of 7 inches and a height of 5^ inches, the 22,000- 
volt line was mounted on insulators each 7^ inches in diameter and 
7 inches high, with only two petticoats. The older insulator had 
its petticoats 2 inches above the cross-arm, and the lower petticoat 
of the new insulator is 3 inches above the arm. These two insu- 
lators illustrate the tendency to lengthen out along the insulator 
axis as the voltage of the circuits to be carried increases. 

For future work at still higher voltages, the advantage as to 
both first cost and insulating qualities seems to lie with insulators 
that are very long in an axial direction, like those on the Shawinigan 
line, and which have their petticoats arranged one below the other 
and all of about the same diameter, rather than with insulators of 
the umbrella type, like those on the Electra and Colgate lines. 
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ELECTRIC WELDING DEVELOPMENT. 



The art of welding iron is probably as old as the earliest pro- 
duction of that metal by man; in fact, the reduction of iron in the 
primitive forges demanded the union by welding of the reduced 
particles, for no true fusion could have resulted, the percentage of 
carbon present being too low. Until the closing years of the last 
century iron was the only weldable metal, if we except gold and 
platinum, — too expensive for common application. 

The fact that nearly pure iron, so difficult to melt, becomes 
quite plastic at high temperatures, while the oxide or black scale 
melts long before the metal itself becomes fluid, thus providing a 
liquid flux which is squeezed out during the process of union, 
accounts for the unique position which iron held until recent 
years. When, however, the heating effects of electric current 
energy, so perfectly under control, were applied to weld metals, a 
metal or alloy which would not weld became the exception, instead 
of the rule, as before. Much of the former work of the smithy 
fire is now accomplished by the electric welding transformer, and 
although many metals are easily manipulated by the electric proc- 
ess, iron, of course, still occupies, as ever, the principal place. 

Tlie electric weld is becoming a more and more important 
factor in many industries. During recent years the extension of 
its application has been steady, and each year has witnessed its 
entrance into new fields. Sometimes, indeed, new manufactures, 
or new ways of obtaining results have been based upon its use. 
The electric welds under consideration are the results of that oper- 
ation of uniting two pieces of metal by what is known as the 
Thomson process, first brought out by the writer and rendered 
available in commercial practice a considerable number of years 
ago. The rapidity, flexibility, cleanliness, neatness, accuracy, and 
economy of the electric process has won for it such an important 
standing in the arts that many future extensions in its application 
are assured. 



Note : This article by Prof. Eliliu Thomson, the inventor of the sys- 
tem of Electric Welding, first appeared in Cassiers' Magazine, and is here 
reprinted by special permission. 
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ELECTRIC WELDING 



The uniformity of the work, the control of the operation, the 
extreme localisation of the heat to the particular parts to be 
united, and the fact that the process is not limited to iron and 
steel, but can deal equally well with other metals, such as copper, 
brass, bronzes, and even lead, are characteristics of the electric 
welding oj)eration. 

The Electric Welder. In its simplest form, an electric 
welder consists of a 8|)ecial transformer, the primary circuit of 




ELECTRIC WELDING MACHINE FOR IRON AND STEEL PIPE. 

which receives current from an electric station or dynamo gener- 
ator, at a voltage usually from one hundred to five hundred 
times that required to make a weld. The copper secondary circuit 
of the transformer is generally only a single turn of verj large 
section, so that it may develop an extremely heavy current at from 
two to four volts, — an electric pressure so low that it cannot give 
the least effect of shock, and one for which there is no difficulty 
in securing perfect insulation. The work pieces are held in 
clamps or vises, attached to or carried upon the terminals of the 
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ELECTRIC TIRE-WELDING MACHINE. 



single-turn secondary circuit. The control of the clamping devices 
and the current switch is either manual, or, in some cases, entirely 
automatic. Without attempting to enumerate the many applica- 
tions of electric welding in the arts, we may refer to a few 
examples. 

Applications. In the waggon and carriage industry the proc- 
ess is applied in the production of tires of all sections, axles, hub, 
spoke and sand bands, fifth wheels, shifting rails, steps, shaft iron, 
etc., while it has found a large use in the welding into continuous 
strips or bands of the wires inclosed in rubber tires for holding 
them in place. The larger part of the dash-frames used in car- 
riages in the United States are now probably made by electric 
welding, while. iron and steel agricultural wheels are built up, or 
have their parts united, by electric welds. 

To enumerate the many applications to the bicycle industry 
would be almost to catalogue most of the metal parts of this use- 



Digitized by 



401 



Google 



ELECTRIC WELDING 



ful machine. It must be borne in mind, too, that a welding 
machine, slightly modified, is equally applicable for locally heat- 
ing parts in electric brazing or hard soldering, for upsetting, and 
for bending or shaping. Bicycle crank hangers, pedals, seat-posts, 
fork and fork ends, frames and brake parts thus become products 
in which the welding transformer has its part. It has found a 
useful field also in tool manufacture, such as drills, reamers, taps, 
band and circular saws, drawing knives, carpenter's squares, 
printer's chases, etc., etc., and electric welding has a closely related 
use in the production of machine parts. Cam shafts and crank- 
shafts are made from drop forgings welded together, teeth are 
inserted into gear wheels, and teeth are welded to saw bodies, 
including stone saws. Such things as inking rolls in printing 
machines and fallers for looms are additional examples. 

In the wire industry the part played by electric welding is 
already quite important, and becomes steadily more so. Besides 
the mere simple joining of wires of iron, steel or copper into long 
lengths, the welding of wire or strip into hoops for barrels, tubs, 
pails, etc., is supplanting the older forms. Numerous machines 
are in operation turning out electrically- welded wire fence, much 
as a loom turns out cloth. In pipe bending and coiling, as in 
uniting ordinary lengths of pipe into very long lengths without 
screw joints, the electric weld has a special adaptability. Hun- 
dreds of miles of street railway rails have been welded into contin- 
uous lengths and now exist in many cities. Where rails are 
bonded only, the electric welder assists in the production of brazed 
or welded bonds. 

It is a wide range between buckles, typewriter bars and 
umbrella rods to the local annealing of armour plates on warships, 
but the electric welder covers that range. It is no wider, how- 
ever, than that from fine wires of a diameter of one-fiftieth of an 
inch up to heavy steel wire for the armour of submarine cables, 
and again up to street railway rail joints. 

In recent years, elaborate machinery, for the actual produc- 
tion on a large scale of steel tubing from flat stock or skelp by the 
progressive welding of a longitudinal seam, has been put into 
operation. The long strip, or skelp, is rolled up so that its edges 
meet. In this condition it enters between the welding rolls, which 
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WELDING MACHINE FOR LARGE TUBES OR SHELLS UP TO 16 INCHES 
IN DIAMETER. 

pass the heating current locally across the edges to weld them, and 
the operation is progressive from one end of the pipe to the other 
as it is fed into the machine. The result is a pipe of which the 
walls are of even thickness and the diameter uniform. This pipe 
can be afterward drawn, if needed, to the exact size desired. Very 
thin pipe can be made of steel, the longitudinal seam or weld in 
which is a delicate bead along the length, — a beautiful product, 
for the extreme localisation of the heat has allowed preservation of 
surface and finish of the metal outside the joint. Taper tubes, 
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such as are used for bicycle front forks and the like, are easily 
made. 

A similar machine for large work has lately been constnicted, 
and by its nse large diameter tubes or shells, up to 16 inches in 
diameter, are produced from sheet steel or iron. The accompany- 
ing illustration shows such a machine ready for operation. The 
welding transformer is at the top of the machine, and the second- 
ary circuit has for its terminals two copper rolls inclined to each 
other on two nearly horizontal shafts adjustable in position over 
the work. Below are the guide rolls, one on each side on vertical 
shafts, and between these the shell to be welded passes with its 
meeting edges uppermost aud in contact with the copper contact 
rolls. As the metal shell passes along under these rolls the joint 
is progressively heated by the welding current crossing it, and the 
weld Is finished by the side pressure of the guiding rolls. The 
process, as well as the resulting welded product, is unique. 

For a considerable time past, welding machines have been 
applied to the production of bands or tires from stock of varying 
width, thickness, and sectional form. More recently the practice 
of welding plain bands or cylindrical rings, and afterwards rolling 
them with the form of section desired, has been largely adopted; 
such as, for example, in the production of automobile wheel rims, 
bands for roving cans, stove rings, etc. 

Very different from this is the formation of crankshafts, now 
demanded in great numbers for engines of automobiles. These 

are made from drop forgings and 
H— I f— n round shaft stock by uniting the 

as,,.- pj I I Ui p«=™=^ pieces, as in the annexed sketch, 

=^3 [^jj u^ b^Bii^^ ^jj^ afterwards lightly machin- 

ing and finiehing the approxi- 
mately correct shaft, as produced by welding. 

Besides the banding of wire or strip of such comparatively 
frail containing vessels as barrels or pails, the electric weld finds 
application in the forming and capping of metal vessels for with-, 
standing high pressures, such as soda-water cylinders, carbonic 
acid reservoirs, and steel bottles for nitrous oxide gas. 

One of the most interesting of the more recent applications is 
that of welding hollow steel handles on cutlery, such as table 
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ELECTRIC RAIL WELDING ON STREET RAILWAYS. 

knives and forks. The operation is remarkable for the celerity 
and neatness of the work, the articles being finished by silver- 
plating and polishing, as usual. The hollow handle is drawn from 
thin steel, and united to the knife blade or to the fork, as the case 
may be, in a special welding machine, there being no brazing or 
other operation of joint-forming required. There is, indeed, no 
limit to the delicacy of the work which may be undertaken, pro- 
vided only the welding apparatus is equally refined. 

Adjustments. In the simpler types of electric welders, 
especially where the machine is designed to do a variety of work, 
perhaps of different forms or sizes of pieces, or both, the adjust- 
ments are usually manual ; that is to say, the operations of clamp- 
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ing the pieces and applying the electric current and mechanical 
pressure are each controlled by the operator. In other cases, such 
as in the welding of copper or aluminium wire, the machine is, at 
least in part, automatic. The pressure is automatically applied 
and the welding current is cut off automatically upon the com- 
pletion of the joint; the. placing of the pieces in the clamps and 
the switching on of the current is, in this case, manually per- 
formed. 

In other, more completely automatic, types, particularly 
adapted for rapid repetition of the same operation on identical 
pieces, the machine runs continuously, and its sequence of actions 
is definitely determined by the construction. In such cases a 
source of power, as by a belt, drives the machine, th^ movement 
so imparted having the effect of clamping the pieces as they are 
fed to the machine, putting on the current, applying the pressure, 
cutting off the current and releasing the pieces. 

The mechanism which has been developed for these purposes 
displays, in many instances, much ingenuity. In these machines 
the duty of the attendant is limited to the mere placing of the pieces 
between the clamping jaws, just before they are clamped, and the 
work is characterised by rapidity and by uniformity of the results. 

More completely automatic still are machines for the produc- 
tion of wire fencing and for the consecutive welding of the links 
of chains. In these the operation, once started, goes on uninter- 
ruptedly so long as the work holds out, or until the stock under- 
going operation is exhausted. In the fence machines, of which 
fifteen are now in existence, galvanised iron wires are fed from 
reels parallel to one another, at distances apart depending on the 
mesh desired. These may correspond to the warp in weaving. 
Transversely to these, and at intervals corresponding to the mesh 
selected, are fed wires, cut from a reel, which transverse wires are 
the verticals in the finished fence itself and correspond to the weft 
in weaving. A series of small welders are automatically brought 
into operation to weld each transverse wire to the longitudinals 
where the two cross. This done, the web so formed moves for- 
ward, the operation repeats itself, and so on continuously. The 
welding is, in this case, practically instantaneous, and all of the 
movements of the machine are entirely automatic. 
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In this way it is possible for a single machine to turn out 
many thousands of feet of fencing per day with a width of mesh 
from 2 or 3 inches up. Less wire is used than where the joints 
are made by twists or loops, and the stability or fixedness of posi- 
tion of such joints as are made is much more assured. 




' ELECTRIC CHAIN- WELDING MACHINE. 

Joints, While in most cases of electric welding the joint 
forms what is known as a butt weld, with a burr or extension of 
metal at the joint, which, according to conditions, is either allowed 
to remain or is forged down or dressed off, there is no diflSculty in 
making lap welds electrically, and some of the recent work of the 
electric welder is of that character. While, too, the usual welding 



«07 



Digitized by 



Google 



10 



ELECTRIC WELDINCi 



concerns pieces of the same metal, as iron to iron, steel to steel, or 
copper to copper, combination welds of different metals are made 
with facility in many cases, as when brass and iron are united. 

In the working of high-carbon steels the usual precautions to 
prevent burning or injury to the metal are, of course, required; 




ROLLS OP ELECTRICALLY- WELDED WIRE PENCE. 

but, on account of the delicacy of heat control, they are more easily 
adopted. 

Quite recently automatic chain welders have been put into 
use, and electrically-welded chain work will probably soon attain 
an importance not second to the other principal applications 
which have been briefly described. 
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PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia 
numerous illustrative examples are worked out in 
detail in order to show the application of the various 
methods and principles. Accompanying these are 
examples for practice which will aid the reader in 
fixing the principles in mind. 

In the following pages are given a large number 
of test questions and problems which afford a valu- 
able means of testing the reader's knowledge of the 
subjects treated. They wiU be found excellent prac- 
tice for those preparing for College, Civil Service, 
or Engineer*s License. In some cases numerical 
answers are given as a further aid in this work. 
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ELEMENTS OF ELECTRICITY. 



1. What is a magnetic substance ? 

2. Name the essential elements of a voltaic cell. 

8. Upon what does the capacity of a condenser depend? 

4. If it were desired to reduce the magnetism in a piece of 
steel, how could this be accomplished ? 

5. What is a loadstone ? 

6. What is the efifect of self-induction upon the current ? 

7. How may the internal resistance of a cell be made of 
small amount? 

8. Why does the compass needle point approximately north 
and south ? 

9. What is an electro-magnet? 

10. Describe the process of electrotyping. 

11. If one end only of a glass rod is rubbed with silk, will 
or will not the unrubbed end be charged by electricity, and why ? 

12. How may it be shown that the poles of a magnet are 
dissimilar? 

13. Name a few applications of the heating effects of cur- 
rents. 

14. What is the source of electricity in the voltaic cell ? 

15. How may it be proved that the charges produced by 
frictional contact, although different in kind are equal in amount? 

16. Give a definition of an accumulator. 

17. What substance is the best conductor of electricity, and 
what one is the best insulator ? 

18. Suppose a piece of ivory and a piece of sulphur to be 
rubbed with silk. After a suspended pith ball has been touched 
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by the sulphur, will it be attracted or repelled by the ivory^ and 
why? 

19. What is an electroscope ? 

20. Explain how polarization is overcome in double fluid 
cells. 

21. How may it be shown that the field of a magnet exerts 
Its influence in certain definite directions ? 

22. What are the essential parts of a condenser? 

28. How may it be shown that the charge upon a body 
resides upon its surface? 

24. What is meant by the terms " primary coil '* and " seo- 
ondary coil " ? 

25. How does the construction of the relay differ from that 
of the sounder ? 

26. Why does attraction take place between a charged body 
and a conductor brought within its inductive influence? 

27. In what manner does polarization decrease the power of 
a cell? 

28. State three ways in which a current may be induced in 
a coil of wire. 

29. What is meant by electrolysis ? What is an electrolyte? 
An anode? A kathode? 

80. Upon what main factors does the amount of charge in- 
duced by a charged body upon a conducting body depend ? 

81. State Joule's law. 

82. How may it be shown that d wire carrying a current is 
surrounded by a magnetic field? 

83. (a) When glass is rubbed by wool, which substance 
receives a positive charge, and which one a negative charge ? (i) 
Does the charge produced on the glass exceed in quantity that 
produced on the wool? 

84. Why is it possible to obtain very high electromotive 
forces by means of the induction coil ? 

85. Explain why there is no gain in energy by use of tbe 
electrophorus without a corresponding expenditure of work. 
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THE ELECTRIC CURRENT. 



1. (a) Explain what is meant by electromotive force. (6) 
What is its unit of measurement, and by what value is it repre- 
sented ? 

2. (a) What is necessary to cause an electric current to 
flow? (6) What is meant by the strength of a current? (<?) 
What is its unit of measurement, and by what value is it repre- 
sented ? 

3. What is the unit of resistance and by what value is it 
represented ? 

4. Upon what three general factors does resistance depend ? 

5. What length of copper wire 2 millimetera in diameter 
will have the same resistance as 12 yards, 1 millimeter in diameter? 

Ans. 48 yards. 

6. State Ohm's law. 

7. Two wires, wliose resistances are respectively 28 and 24 
ohms, are placed in parallel in a circuit so that the current divides, 
part passing through each. What resistance is offered by them to 
the current? Ans. 12.92 -|- ohms. 

8. Fifty Grove's cells (E. M. F. = 1.8 volts) are in series, 
and united by a wire of 15 ohms resistance. If the internal resist- 
ance of each cell is .3 ohm, what is the current ? Ans. 8 amperes. 

9. (a) What is the unit of quantity of electricity? (6) 
Define the ampere-hour. 

10. What is the power in watts when 4000 joules of work 
are done in 50 minutes? Ans. 1.33 -|- watts. 

11. How many horse-power are equivalent to 88 kilowatts? 

Ans. Ill 4- horse-power. 
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12. What is a shunt circuit? 

18. A current of 18 amperes flows in a circuit whose resist- 
ance is 116 ohms. What is the voltage? Ans. 2088 volts. 

14. The resistance of 812 feet of a certain wire is 2.08 
ohms. What would be the resistance of 240 feet of the same 
wire? Ans. 1.6 ohms. 

15. A total current of 56 amperes passes through a divided 
circuit having the resistance of its branches equal to 28 and 4 
ohms respectively. What is the current in each branch? 

. In the 28-ohm branch, 7 amperes. 

In the 4-ohm branch, 49 amperes. 

16. What is the value of the current when 4 ampere-hours 
are delivered in a circuit in 20 minutes? Ans. 12 amperes. 

17. (a) Define the joule. (J) Define the watt. 

18. A 220-volt circuit supplies a current of 18 amperes. 
What is the power in kilowatts? Ans. 8.96 K. W. 

19. If the resistance ^f a certain wire is 2.3 ohms per 1000 
feet, how many feet of the wire will be required to make up a 
resistance of 17.8 ohms? Ans. 7739 -f feet. 

20. What is the resistance of a wire having a diameter of 
.2 inch if the resistance of the same length of similar wire having 
a diameter of .04 inch is 64.2 ohms ? Ans. 2.56 + ohms. 

21. Define specific resistance. 

22. The resistance of a circuit is 1.8^ohms and the voltage 
is 110. What is the current? Ans. 61 + amperes. 

23. A circuit contains a voltaic cell generating an electro- 
motive force of 1 volt. Its electrodes are connected by three 
wires in parallel of 2, 8, and 4 ohms resistance respectively. The 
resistance of the cell is ^ ohm. What is the current? 

Ans. 1 ampere. 

24. Eight cells each having an E. M. F. of .9 volt and an 
internal resistance of .6 ohm are connected in parallel, and the 
external resistance is 8.4 ohms. Find the current. 

Ans. .26 ampere (approx.). 

25. What quantity of electricity will be conveyed by a cur- 
rent of 40 amperes in half an hour? Ans. 72,000 coulombs. 

26. The resistance of a circuit is 10 ohms, and the current 
is 83 amperes. What is the power in watts ? Ans. 10,890 watts. 
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27. How many watts are equivalent to 14 horse-power? 

Ana. 10,444 watts. 

28. Five conductors having resistances respectively equal 
to 14, 8, 20, 31 and 8 ohms are joined in series, and the E. M. F. 
applied to the circuit is 50 volts. What is the current? 

Anu. .65 amperes. 

29. (a) Define conductance. (6) Define conductivity. 

80. What is the resistance of 10 feet of annealed gold wire 
.001 inch in diameter at 82^ F., if the resistance of an inch cube 
of the substance at 82° F. is .8079 microhm? Ans. 128 + ohms. 

81. A copper wire has a resistance of 18.5 ohms at 43** F. 
What is its resistance at 57° F ? Ans. 18.91 + or nearly 14 ohms. 

82. What must be the resistance of a 220-volt circuit if the 
current is to be 70 amperes ? Ans. 3.14 + ohms. 

88. The E. M. F. applied to a circuit is 582, and the cur- 
rent is 8 amperes. A number of lamps connected in the circuit 
require a total drop of 522 volts. Find the resistance of the 
remaining portion of the circuit. Ans. 7.5 ohms. 

34. A circuit is made up of six wires connected in parallel 
and having resistances of 72, 60, 21, 36, 40 and 210 ohms respec- 
tively. Find their joint resistance. Ans. 7.8 + ohms. 

35. When a cell, which has an internal resistance of 1.39 
ohms and an E. M. F. on open circuit of 1.32 volts, is supplying a 
current of .29 ampere, what is its available E. M. F. ? 

Ans. .92 volts (approx.). 

86. With a current of 20 amperes how much time will be 

required to deliver 4,000 coulombs. Ans. 3 minutes, 20 seconds. 

37. The voltage of a circuit is 103 and the current is .5 
ampere. What energy is expended in a minute and a half ? 

Ans. 4635 joules. 

38. The resistance of a coil of platinoid wire at 98° C. is 
8014 ohms. What resistance would the coil have at 18° C. ? 

Ans. 2962 ohms (approx.). 

39. What is the resistance of 28 feet of No. 6 (B. & S.) 
pure copper wire at 90° F. ? Ans. .0118 + ohm. 

40. If a resistance of 116 ohms be inserted in a circuit, and 
it is desired to maintain a constant current of 9.6 amperes, how 
much must the voltage of the circuit be increased ? 

Ans. 1118 + volts. 
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41. When a current of 14 amperes flows in a circuit whose 
resistance is 54 ohms, what energy in Jcilowatt-hours is expended 
in half an hour? Ans. 5.292 kilowatt-hours. 

42. Explain the difference between the kilowatt and the 
kilowatt-hour. 

48. What number of calories will be developed by a current 
of .14 ampere flowing through a wire of 4 ohms resistance for 5 
minutes ? Ans. 5.6 + calories. 

44. The voltage applied to a circuit in which three wires 
are connected in parallel is 107. Find the current in each branch 
if the separate resistances are respectively 43, 9 and 25 olims. 

In 43-ohm branch, 2.4 + amperes. 
Ans. In 9-ohm branch, 11 + amperes. 
In 25-ohm branch, 4.2 -f- amperes. 

45. How many horse-power are equivalent to 1048 watts? 

Ans. 1 .4 -j- horse-power. 

46. If the resistance of 1 foot of annealed silver wire .001 
inch in diameter at 32° F. is approximately 9.02 ohms, what is 
the resistance of 4 miles of the wire .01 inch in diameter at a 
temperatui-e of 90° F. ? Ans. 2137 + ohms. 

47. Twenty large Leclanche cells (E. M. F. = 1.5 volts, 
resistance = 0.5 ohm each) are in a circuit in which the external 
resistance is 10 ohms. Find the strength of current which flows 
(a) when the cells are joined in series; (6) when all the cells are 
in parallel ; (c) when there are 2 files each having 10 cells in 
series ; and (d) when there are 4 files each having 5 cells in series. 

Ans. Amperes (a) 1.5; (b) 0.149; (c) 1.2; (^) 0.706. 

48. How many kilowatts are equivalent to 150 horse-power? 

Ans. 111.9 K. W. 

49. If a current of 9.3 amperes flows when the voltage of a 
circuit is 110, how much resistance must be inserted in the circuit 
to reduce the current to 3.4 amperes? Ans. 20 -j-ohms (approx.). 

50. A current of 26 amperes is flowing in a circuit which 
has a voltage of 500. What is the equivalent power in mechani- 
cal units ? Ans. 17.4 + horse-powtr. 
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1. What is the distinction between fundamental and 
derived units? 

2. What is meant by the dimensions of a physical quan- 
tity? 

8. Describe a method of calibrating ammeters. 

4. Explain why a voltmeter should have a high resistance 
and an ammeter a low resistance. 

5. The ohm is equal to how many absolute units of resist 
anoe? 

6. Upon what factors does the deflection of a galvanome- 
ter needle depend? 

7. How may the resistance of a water rheostat be varied? 

8. It is known that a coil of wire has an approximate resist- 
ance of 200 ohms, and it is desired to find its correct resistance 
tothe fii-st decimal place by using the Wheatstone bridge. What 
should be the ratio of the bridge arms? 

9. State the difference between the two general classes of 
galvanometers. 

10. Give the advantages of the D'Arsonval galvanometer. 

11. How many B. A. ohms are equal to 96 International 
ohms? 

12. A galvanometer has a resistance of 6940 ohms and its 
shunt 60 ohms. What is the multiplying power of the shunt? 

13. (a) What is the value of the kilowatt-hour? (ft) How 
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many kilowatt-hours are expended by a current of 60 amperes in 
8 hours and 45 minutes, the E. M. F. being 110 volts? 

Ans. 24.75 kilowatts-hours. 

14. When using the Wheatstone bridge why should the 
galvanometer key be closed after and opened before the battery 
key? 

15. Explain why an astatic pair of needles is very sensitive 
to a slight current when the coil carrying the same is wound about 
one of the needles. 

16. How may a galvanometer be used as a voltmeter? 

17. Explain the principle of a differential galvanometer. 

18. The E. M. F. of a Leclanche cell on open circuit as 
given by a voltmeter was 1,64 volts. After closing the cell 
through a certain external resistance, its E. M. F. fell to 1.10 
volts, the current being .4 ampere. What was the resistance of 
tSie ceU? 

19. Describe the Weston voltmeter. 

20. In Fig. 21 suppose the reversing key to be changed, and 
that a balance is obtained when J/ = 1, iV = 100, and P = 
8,000 + 400 -1-200 + 30 + 3 + 2. What is the value of the 
^resistance measured? 

21 . What are the disadvantages of electromagnetic ammeters ? 

22. In testing the insulation of a circuit by the voltmeter 
method, the voltmeter reading was 4.5 volts and the appUed 
£. M. F. 220 volts. What was the insulation resistance in meg- 
ohms, the voltmeter resistance being 17,000 ohms? 

23. In making a high resistance measurement by the direct 
deflection method, the deflection obtained with .1 megohm resist- 
ance was 250 divisions. The unknown resistance gave a deflec- 
tion of 20 divisions. In the former case the multiplying power of 
the shunt was 1000, and in the latter the shunt circuit was open. 
What was the unknown resistance ? 

24. What method should be used in testing the insulation 
of a 1,000 volt circuit? 

25. (a) Describe an electrostatic voltmeter, (ft) Give its 
advantages and disadvantages. 

26. How is quantity determined by the Edison ohemical 
meter? 



418 



Digitized by 



Google 



REVIEW QUESTIONS 



ON T>H]D aUBJBSOT OF 



ELECTRIC WIRING. 



1. Under what conditions is ^^fishing" of wires allowed? 
Explain the process. 

2. In conduit work how many quarter bends are allowed 
from outlet to outlet ? 

3. Tell w^hat you can about flexible cord. 

4. Where should cut-outs or circuit breakers be located for 
house wiring ? 

5. What must be the voltage of the dynamo in order to sup- 
ply lamps or motors in a 110-volt system, with a 5 per cent loss? 

6. What is a cull pole ? 

7. When a high-potential machine has its frame grounded, 
what precautions should be taken for the protection of the at- 
tendant ? 

8. What can you say about the rules to be followed when 
installing wires ? 

9. Give a rule for the proper depth to which to set a pole. 

10. How would you ground a dynamo frame ? 

11. What is the least allowable radius of curvature in con- 
duit work ? 

12. State the rule to be followed in starting or stopping 
motors. 

13. What is the objection to putting the ground wire from a 
lightning arrester into an iron pipe ? 

14. State briefly the requirements for interior wiring in the 
ease of series arc lighting work. 
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15. Describe the care which should be given to the brushes 
to keep them in good condition. 

16. Describe a piece of apparatus for protecting the arma- 
ture of a motor. 

17. Why should standard rubber-covered wires be used in 
conduit work ? 

18. What is the least space that should be left between 

(a) The switchboard and the floor? 

(b) The switchboard and the ceiling? 

19. What is the largest permissible current dependent upon 
one cut-out ? 

20. What insulation resistance is required between gas pipe 
attachments and an insulating joint ? 

21. Under what conditions should the frame of a dynamo be 
grounded ? 

22. What kind of wire must be used in moulding work ? 

23. What can you say about wiring for damp places ? 

24. In which direction does the armature of a generator 
usually revolve ? 

25. Determine by use of table on page 40 what size of wire 
should be used to supply 75 16-candle-power incandescent lights, 
110 volts, loss 3 volts, and at a distance of 200 feet to center of 
distribution. 

26. What is the best material for poles ? 

27. Describe a method of setting the brushes so that they 
will be diametrically opposite each other. 

28. In splicing two pieces of wire, what precautions are 
necessary ? 

29. What size of wire will be required to supply a 10-horse- 
power motor on a 500-volt circuit at a distance of 200 feet with 15 
volts' drop ? 

30. What current is taken by the motor referred to in Ques- 
tion 29 ? 

31. Describe the connections for the three-wire system. 

32. Determine by formula the size of wire for 40 16-candle- 
power incandescent lights on a 110-volt circuit with 5 volts' drop 
at a distance of 150 feet. 



420 

Digitized by 



Google 



ELECTEIC WIRING 



33. Under what conditions may the neutral of a three-wire 
BjBtem be grounded ? 

34. What is the smallest sized wire that should be used for 
interior wiring? 

35. In case of hot box, what should be done before deciding 
that it is necessary to shut down ? 

36. What are the objections to using excessive volcage for 
incandescent lighting circuits ? 

37. Describe with sketch the direct-current ground detector. 

38. If iron pipe be used with alternating current, should the 
two or more wires of a circuit be placed in the same conduit, or 
in separate conduits ? 

39. In wiring a building, what is the least insulation re- 
sistance allowed between conductors and the ground for 100 
amperes ? 

40. If a dynamo is to be run in parallel with another ma- 
chine and its polarity is wrong, how can this be remedied? 
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1. Give examples of the different kindB of messages. 

2. Wherein does the construction of the relay differ from 
that of the sounder? Why? 

3. How many copies are made of train orders? Why? 

4. How does the count of a government message differ 
from that of an ordinary message? Of a cable message? 

5. How could signals be transmitted without a key ? 

6. (a) What is Code telegraphy? (b) Give a brief example. 

7. In copying a message why is the destination placed on 
a line by itself? 

8. (a) Give three points of difference between commercial 
and railway telegraphy, (b) What is the important feature of a 
railway operator's work? 

9. In the switchboard, what is the only means of electrical 
connection between the bars and discs? 

10. Kame the apparatus used in a one -wire office. 

11. What are the parts of the sounder? 

12. (a) What are the six different classes in which the 
signals of the Morse code can be arranged? (b) Give examples. 

13. What part of the relay does the work of a key for the 
local circuit? 

14. (a) In the Auto- Alphabet instrument what determinea 
the movement of the local points? (b) What care must be taken 
with regard to them? 

15. (a) What are the elements of the Morse code? (b) Which 
is the time unit? 

16. (a) How would you transform the local circuit into a 
learner's outfit? 
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1. What test can be applied to make sure that the armature 
of an electromagnet does not touch the core ? 

2. What is the essential feature of the Phonoplex ? How 
are the signals produced ? 

3. What are the principal uses of the dynamo in telegraphy ? 

4. What two forms of apparatus are combined to form the 
quadruplex ? 

5. [a) What is static electricity ? (J) How are the eflfects 
of the discharge on the duplex relay overcome? 

6. If the transmitters are open in the Stearns duplex, admit- 
ting a small proportion of each battery to line, how can the effect 
on the relay be overcome? 

7. What is the only means of electrical connection in the 
switchboard between the rows of discs and the strips? 

8. How is the home relay in the Stearns duplex made unre- 
sponsive to the home battery? 

9. What is the function of the transmitter in the quadruplex 
as compared with that of the pole changer ? 

10. What is the rule for determining the polarities in a core 
around which a current is passing? 

11. What would be the resistance of six four-ohm sounders 
in series? In multiple? 

12. What is a rheostat, and what part does it play in the 
duplex ? 

13- How could a test of the short and long end of the quad 
battery be made without a meter? 

14. What is meant by a diflFerential relay? 
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15. In a polar duplex when like and equal poles are to the 
main line, how are the relays operated ? 

16. What feature of every form of magnet is illustrated by 
the action of the magnetic needle ? 

17. From which relay is the static eliminated in balancing the 
quadruplex ? 

18. Wherein does the movement of the armature of a polar 
differ from that of a common relay ? 

19. To set up an electric current in a closed conductor in a 
magnetic field what is necessary ? 

20. After the grounding at each terminal what is the next 
step in the balancing of a polar duplex? How is the ohmic bal- 
ance obtained ? How the static ? 

21. How is the dynamo made to suit the current supply to 
lines of different lengths? 

22. Of what method of winding is the extra magnet in the 
Weiny- Phillips relay an illustration ? 

23. What is the common side of a quad ? What is the func 
tion of the repeating sounder therein ? 

24. What are the advantages of the closed- over the open- 
circuit system ? 

25. What is the rule for the adjustment of the pole changer 
in either form ? 

26. What is the common aim in the construction of every 
form of automatic single line repeater? 
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